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should rewvolwe around Q-trol. 


Butcher, baker, candlestick maker Any manufacturer or processor who keeps 
his acceptable quality level in line by means of a sampling plan, needs Q-trol. It allows him to 
compute — and hold — his lot or process to a certain AQL, which means a tremendous saving in time 
and inspection costs. Based on the theory of sequential analysis, Q-trol has many types of installation 
for either automatic or manual control. Even the simplest of the Q-trol series can revolutionize your 
quality control program. Write, wire or call today for complete brochure and technical data sheet. 
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Quality control is a painstaking technique for endowing components 
and systems with hidden assets of performance reliability. The quality 
control manager has an obligation to company and customer alike to 
mold top standards of quality into the equipment. 


Alert quality control supervisors across industry find that by speci- 
fying General Transistor they can run a production operation with 
unprecedented smoothness, and deliver end equipment with end- 
. ae lessly duplicated high quality . . . the hidden assets which spark 
te 6B ‘ high reliability. 


These assets are built into every transistor and diode product be- 
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QU A = GT continually expands its semiconductor research 
a program in order to develop products to suit its 


customers’ needs. 


: " GT selects only the highest quality materials and 
: ~ imposes the most rigid process controls and pro- 
ae td duction standards. 


GT semiconductor products are designed to strin- 
gent military and commercial specifications, call- 
ing for the most demanding environmental and 
operational capabilities. 


GT’s 100% final inspection of all parameters 
backs up exhaustive statistical process inspection. 


GT germanium and silicon transistors and diodes 
are warranted to be free of defects caused by 
faulty materials or poor workmanship. 


The benefits and advantages of such precision and adherence to 
technical standards are being acknowledged day after day. Every 
month GT transistors and diodes are being specified for use in 
millions of dollars worth of newly manufactured equipment (com- 
puters, missiles, military electronics and telemetering packages). 


Simplify your quality control problem .. . use GT. 
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Technometrics 


With this issue of Industrial Quality Control the Society announces the publication, jointly with the 
American Statistical Association, of a new technical journal to be known as Technometrics, a journal 
of statistics for those concerned with the physical, chemical, and engineering sciences. This an- 
nouncement marks the end of a period of exploration and preliminary planning for co-sponsorship 
of such a publication, unique in the field of technical journals, and hails the beginning of significant 
progress in the cooperative efforts of two professional societies in related fields of interest. 


To the Chemical Division of ASQC goes considerable credit for initiating and spark-plugging this 
endeavor. In the past two years the Division people have worked diligently towards this goal, creat- 
ing and stimulating interest in the project, and importantly, sponsoring activities that have provided 
the financial support required to launch this publication and to sustain it during its early life. Thus, 
the Division's part in this endeavor is substantial and speaking for the officers and directors, I ex- 
press gratitude for this outstanding contribution to furthering the objectives of the Society. 


Administration of Technometrics will be under the direction of a Management Committee composed 
of representatives of the sponsoring organizations, three from each, in addition to a chairman ap- 
pointed jointly by the presidents. We are fortunate indeed to have for the important post of chairman 
the services of Dr. Paul S. Olmstead, a Fellow of both societies and currently a director of ASQC 
Advisory to the Management Committee will be the editor of the Journal of the American Statistical 
Association, Prof. W. Allen Wallis, and the chairman of the Editorial Board of ASQC, Prof. Mason E 
Wescott 


The Committee has appointed Dr. J. Stuart Hunter as editor of Technometrics. Dr. Hunter, who has 
been very active in the exploratory work, is with the Statistical Techniques Research Group, Prince- 
ton University, and brings to the project enthusiasm and talent that bodes well for its success. He 


will have working with him a number of associate editors to assist in the editorial work 


Technometrics will be a quarterly, to be published in the months of February, May, August and No- 
vember, and will be available at a modest subscription rate. This rate will be somewhat less for 
members of the two societies than for non-members. In line with the conservatism of the two or- 
ganizations, Technometrics will have a modest beginning, for the first year being confined to ap- 
proximately 100 pages for each issue. It is hoped and expected that as the journa’ gains acceptance 


and circulation its size will likewise be increased 


Those of us in ASQC who have had some part in this project to date are grateful for the fine co- 
operative spirit shown by all in resolving some of the difficult problems involved. Particularly do I 
wish to express the thanks of our Society to Dr. Walter E. Hoadley, Jr. who was president of the 
American Statistical Association last year and who gave substantial support to this effort. Dr. Hoad- 
ley, Dr. Rensis Likert, president of ASA, and I are convinced of the merits of Technometrics and be- 
lieve that it will be of interest and value to many members of our societies. We believe, also, that 
the project will be successful in its contribution to the technology and will serve as further evidence 
of the cooperative efforts of two important societies in our industrial community. I know that I speak 
for the officers, directors, and members of ASQC when I extend full support of the Society to the 


Management Committee, the editor, and his associates in this undertaking. 


I urge that you consider seriously the addition of Technometrics to your personal library of technical 
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journals. 
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EPI-TECHNOSCOPE 


\ new, modern stereoscopic binocular micro- 
scope eminently suited for industrial inspections 
ind examinations. 
Intense illumination parallel with line of vi 
sion. Erect, plastic image even in deep cavities. 
Free working distance of 8 inches. Magnifica 
tion changing device provides rapid succession 


of 6.3x, 10x, L6x, 25x and JOx magnifications. 


STEREO MICROSCOPE 


Uniform sharpness over the entire field of view. 
Erect, unreversed image. Outstanding plasticity: 
easy on the eyes, even during prolonged obser- 
vation. 

Novel rapid change of magnification from 6x 
to 160x with wide-angle oculars. 

Large working distance from 334 inches, with 
diameter of object field up to 32mm. 

Beyond 80x magnification, the working dis 


tance is 1. inch. 
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Write for literature on these 
advanced instruments 
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Determination of Optimum Operating Conditions 


by Experimental Methods 
Part II-3, Models and Methods 


J. STUART HUNTER 


American Cyanamid Company, New York, N. Y.* 





Editorial Note 


This is the third and final installment of Dr. Hunter's 
part of the major article. The article began in the July 
1958 issue of Industrial Quality Control. The first in- 
stallment by Dr tiunter appeared in the December 1958 
issue and the second installment appeared in the Janu- 
ary 1959 issue 











Second Order Models 


Experimenters are often required to describe a re- 
sponse as a function of several controlled variables over 
quite a wide range of these variables. An empirical 
understanding of the relationship is obtained if the 
experimenter can actually construct the contour lines 
describing the form of the response surface. For ex- 
ample, there is a wealth of information made available 
by the contour diagrams shown in Figures 11 and 12.' 

On other occasions an experimenter or development 
worker may be asked to find a region which is optimum, 
not with respect to a single response, but with respect 
to two or more responses considered simultaneously. 
One interesting device for finding points or regions that 
are optimum with respect to several responses is to 
superimpose the contour diagrams of the responses. For 
example, imagine the response illustraf#® by the con- 
tours in Fig. 11 indicate the yield of product A, and the 
response illustrated in Fig. 12 indicate thé’yield of some 
simultaneously produced product B. By supefimposing 
these two contour diagrams, as shown in F¥g. 14, one 
can determine the settings of time and “f@mperature 
which will simultaneously give, say, a yield of 90 for A 
and a yield of 80 for B 

Finally, in exploring a response an experimenter may 
first try to determine the nature of the response surface 
by fitting a first order model (a plane) to the responses 
If no significant lack of fit exists then response surface 
can be illustrated by a set of parallel straight line con- 
tours or planes (or hyperplanes). Very often however: 
the first order approximation will be found to be inade- 
quate to represent the data. Under these circumstances 
the experimenter may then wish to represent the un- 
known response function by a second order model. 


*Presently with the Statistical Techniques Research Group, Prince- 
ton University 


tSee page 14, January 1959 issue of Industrial Quality Control 


The second order model in two dimensions is 
BoXy T BiXy T Boxe 
(27) 


BirXi* + Boox2? + Pi2XiX2 + € 


This is a very versatile mathematical model. Imagine 
for the moment that the coefficients in the model have 
been estimated, that is we have the fitted equation 


by 4 b,x; T boX» 
+ by1X)? + booxs? 


(28) 
bio 1X2 


Now set § equal to some constant, say ¥ 80. The 
resultant expression can be the equation of a circle or 
an ellipse, hyperbola, parabola or even a straight line. 
The actual geometric shape depends, of course, on the 
signs and magnitudes of the various coefficients. The 
important fact to remember is that everywhere on this 
line, regardless of its form, the predicted response equals 
eighty. It should be quickly appreciated that the con- 
tours of a response surface having the appearance of a 
mound, or valley, or rising ridge can be represented by 
sets of concentric circles, or ellipses. Saddle shaped 
responses will produce contours having the appearance 
of sets of hyperbolas. Thus any response function whose 
true contours take the appearance of gently curved lines 
can be approximated over rather wide regions by this 
second order model. There may be of course multiple 


300 90 8070.60. 50 








Figure 14 (--- Contours for Product A; — Contours for Product 8) 
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“hill and dale” response surfaces, or surfaces with un- 
usual breaks in overall smoothness. A second order 
model cannot be expected to fit these responses. 
Fortunately, most practical experience indicates that 
these response surfaces are the exception rather than 
the rule. More thorough descriptions of the application 
of fitted second order models to contour mapping are 
given in the following references: (1), (4), (5), (6), (7). 


Second Order Experimental Designs 


Estimating the six coefficients in the second order 
model given in (27) can become awkward computa- 
tionally if care is not taken beforehand in selecting the 
levels of the controlled variables. One experimental 
design (not a “rotatable” design) that can be used to 
reduce this labor of computation is the three level 
factorial design. This design requires that each of the 
controlled variables be held a high (+1), middle (0), 
and low (—1) level, and that all combinations of levels 
and variables be run. Thus the number of experiments 
required is N 3*, where k equals the number of 
controlled variables. There are methods for fractionat- 
ing the 3* factorial designs to reduce the number of 
experiments. The co-ordinates of a two-dimensional, 
three-factor factorial design are (see Fig. 15) 


Experimental Design Levels of a 3° Factorial Design 


Although this array of points will greatly simplify 
the calculations required for estimating the coefficients 
in a second order model, the design suffers from one 
major statistical handicap. Up to this time nothing 
much has been said about predictions made on the basis 
of the fitted models, in particular about the confidence 
intervals that can be placed around the predicted re- 
sponse y for any fixed setting of the independent vari- 
ables. Time cannot be taken here to develop this sub- 
ject. However, the 3* factorial designs do not give 
equal predictive power at a constant distance from the 
center of the design in all orientations. The design is 
therefore called “non-rotatable”. An experimental de- 
sign possessing equal predictability in all directions from 


Xe 


1.0 





the center of the design at a constant distance from the 
center is called a “Rotatable” design. The first order 
designs described earlier are all rotatable designs. Rota- 
table experimental designs have recently been devel- 
oped for estimating all the coefficients in a second 
order model. The meaning of rotatability is described 
in more detail in the article “A Discussion on Rotat- 
able Designs” by J. S. Hunter in the ASQC Traneac- 
tions, 1958;('4) and again in a more theoretical article 
by G. E. P. Box and J. S. Hunter, “Multifactor Experi- 
mental Designs,” Annals of Mathematical Statistics, Vol. 
28, 1957." 

The simplest second order rotatable design in k 2 
dimensions is provided by the vertices of a pentagon 
with one or more points at the center of the design 
as illustrated in Fig. 16 


Coordinates of Pentagon Design 
I * i 


1.000 0 

0.309 0.951 

0.809 0.588 

0.809 0.588 

0.309 0.951 
0 0 


Replicating the point at the center of the design does 
not increase the number of degrees of freedom avail- 
able for estimating the coefficients in a second order 
model. However, this replication of an experimental 
point provides an estimate of experimental error and 
should always be performed. It is of course wise to 
replicate the entire design. In any event, to ensure good 
predictability toward the center of the design, the cen- 
ter point should be replicated more frequently than the 
peripheral points. 

All the regular figures in two dimensions having five 
or more vertices, each with at least one center point, 
provide second order rotatable designs. The choice of 
one design over another is usually determined by the 
number of trials the experimenter wishes to run, and 
by the levels he must maintain for each 
variable. 


number of 


It is also important to remember that the 
menter, in attempting to understand better the nature 
of the unknown response function, is likely to begin 
with a first order model and a first order design. If he 
finds this aygyoximation to the function inadequate he 
may then proceed to augment the original experimental 
design hy additional points. Fortunately, as will be seen 
in the later sections, first order designs can be aug- 
mented te form rotatable second order designs. Good 
experimental strategy requires, in almost all cases, the 


experi- 
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for the moment that the coefficients in the model have 
been estimated, that is we have the fitted equation 


v by + byx; + boxe 

(28) 
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The actual geometric shape depends, of course, on the 
signs and magnitudes of the various coefficients. The 
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tours of a response surface having the appearance of a 
mound, or valley, or rising ridge can be represented by 
sets of concentric circles, or ellipses. Saddle shaped 
responses will produce contours having the appearance 
of sets of hyperbolas. Thus any response function whose 
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“hill and dale” response surfaces, or surfaces with un- 
usual breaks in overall smoothness. A second order 
model cannot be expected to fit these responses. 
Fortunately, most practical experience indicates that 
these response surfaces are the exception rather than 
the rule. More thorough descriptions of the application 
of fitted second order models to contour mapping are 
given in the following references: (1), (4), (5), (6), (7). 
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Estimating the six coefficients in the second order 
model given in (27) can become awkward computa- 
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model. However, this replication of an experimental 
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should always be performed. It is of course wise to 
replicate the entire design. In any event, to ensure good 
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peripheral points. 
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It is also important to remember that the experi- 
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sequential construction of a second order model and its 


associated second order design 


The Hexagon and Octagon Designs 


For k = 2 controlled variables a particularly valuable 
second order rotatable design is provided by the vertices 
of a hexagon with one or more points at the center of 
the design. A problem illustrating the use of the hexa- 
gon design is given below. This design requires that x, 
be held at five equally spaced settings and that x, be 
held at three equally spaced settings. The particular 
orientation of the hexagon design illustrated in Fig. 17 
(or of any rotatable design) need not be fixed, the design 
may be rotated to any position without effecting its 
predictive power at any fixed point. For practical con- 
siderations however the hexagon design is usually 
oriented so that it does provide equally spaced settings 
along both axes. It is of course assumed that the con- 
trolled variables can be fixed at any level without error 
This idealized situation is never reached and by equally 
eparating the factor levels the hazards of the shading 
together of two close settings of a controlled variable 


are avoided 


Another very useful two dimensional second ordet 
design is the octagon design formed from the eight 
vertices of an octagon with one or more points at the 
enter as illustrated in Fig. 20. It will be noted that this 
lesign closely approximates the 3° factorial except that 
ome of the points have been extended until they lie on 


the sample circle as the (+1, 1) points 


A Worked Example: The Hexagon Design 


Suppose an experimenter wishes to explore the rela- 
tionship of the yield of a chemical process to the tem- 
perature of the reacting mass, and to the rate of 
addition of the reagents. The experimental area of 
interest to the experimenter is contained in a tempera- 
ture interval of 15 to 75 degrees centigrade, and a time 
interval of reagent addition of one to three hours. The 
coding mechanism adopted to relate the factor levels to 
the coordinate system of the experimental design are 


Addition Rate in Hours 
1.000 


The factor levels and associated levels of the design 


variables x, and x. are given below: 


Factor Levels Design Levels 


Zz mp { Cc) Time (hours) 


The mathematical model proposed is 


The matrix of independent variables and vector of ob- 


servations are: 


Run Vector Matrix of Independent Variables 
No.* of obs. (2nd Order Model) 
y( % ) ’ Zz r r . 
96.0 1.000 0 
78.7 a 6 0.250 0.750 
76.7 . 6 0.750 
54.6 
64.8 
78.9 
97.4 
90.5 
93.0 
86.3 


x I 


Doolittle Solution for the Coefficients (in general) 
>x : Sy (Oy) 
=x ? yxy (ly) 
. Sx y (2y ) 
=x, *y (lly) 
(22y) 
(12y) 


The experiments were run in random numbers are 


referred to later 


The Forward Doolittle for this Example 
b b b 
0 3 : 0 816.900 
0 0 49.450 
3 0 10.132 
0 225.375 
0 224.325 
0.75 5.239 


: 815.9000 
0.3 81.6900 


0 49.4500 
0 16.4833 


0 
0 


0.15 19.6950 
0.1111 14.5889 


1.3333 22.9333 
l 17.2004 


5.2393 
6.9853 


Solving for the Coefficients Gives 
9853 
lib 17.2004 
1(bi:) O.1111( be) 14.5889 
I(be) 4 01b 0( bee) 3.3773 
lib.) Oi be) 4 0( bur) 01 De) ) 16.4833 
O(n) 0( be) 0.3(b 0.3(b 81.6900 


Thus, the fitted equation is 


y 91.80 16.48x, 16.50x, 


17.20x 


Analysis of Variance Table 


aft ms 
2y 68471.6900 10 
b 66732 .5610 1 
Linea 815.0992 
Term 34.2183 
2nd order 287.3284 
Term ) 394.4619 718.3884 
36.5981 


849.3180 


Residual 171.4226 42.8556 
Lack of Fit 106.6826 106.6826 F 
Experimental Error 64.7400 } 21 5800 


Significant at the 5 l Non-significant 
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We observe that the lack of fit mean square is not 
significantly different from the experimental error mean 
square. Two routes of analysis are now open to us. 
(1) Accepting the conclusion that both mean squares 
are estimates of the same variance o*, the sums of 
squares for both can be pooled and divided by thei: 
pooled degrees of freedom. This pooled estimate of 
variance is given by the residual mean square and has 
four degrees of freedom. The F test indicates that the 
second order terms in the model are not significant at 
the 5 percent level. 


239.4628 
42.8556 


5.59 (Non-significant at «a 


(2) As an alternative analysis, it is not uncommon to 
continue to use the error mean square for the tests of 
significance on the model even though the lack of fit 
term is non-significant. The F test of the mean square 
for the second order terms now becomes 


239.4628 
21.5800 


11.09* 


which is significant at the 5 percent level 

To the question “which analysis is correct?” no an- 
swer will be given. Pooling to obtain “better” estimates 
of variance is a highly personal matter with experimen- 
tal statisticians. One question raised here would be 
“Which estimate of error variance is really best?”, where 
the word best requires a weighting of such factors as 
the number of degre es of freedom, the desire for a con- 
servative (i.e. inflated) estimate, the assumption that the 
variance is homogeneous over the entire experimental 
region, etc. Only a person familiar with the data and 
the circumstances surrounding the data is really in a 
position to make such a decision 

It is also interesting to note that the F test for second 
order effects is non-significant in the first instance, sig- 
nificant in the second at the 5 percent level of signifi- 
cance. How would one decide now about the necessity 
for the second order terms in the model? The important 
fact to remember here is that one’s interpretation of 
data, whatever its source, should not hinge on a slavish 
obeisance to a test of significance. The F, , 5.59 is 
significant at the 10 percent level. Furthermore, the ex- 
perimenter’s sense of the nature of the response surface 
a feeling that should not be derived solely from these 
few data, must also play a role in deciding on the neces- 
sity for second order terms. In this example, it is very 
likely that the second order terms would be declared 
“real” 

Also note that no test of significance is made concern- 
ing the individual coefficients making up either the first 
or second order terms. No such test need be made. The 
essential point to remember in applying this type of 
polynomial model fitting is that it is the order of the 
approximating model that counts, not the individual co- 
efficients comprising the model 

For example, suppose we had tested the mean square 
associated with the b. term against the error mean 
square. Quite obviously we would find a non-significant 
F ratio and thus conclude that the coefficient b. could 
not be detected as being different from zero. A simila 
situation exists if we test the single second order term 
b;». However, even though we cannot detect these esti 
mates as being different from zero, the best estimate of 
6. remains b 3.38, and the best estimate of fy, is 
still b,. 


unbiased and possess a minimum variance, by zeroe 


6.98. Replacing these estimates, which are 
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results simply in the construction of a biased mathemat- 
ical model and should be avoided. 

A map of the fitted response surface can now be ob- 
tained by substituting, for example, ¥ = 80 in the fitted 
model. The resulting equation in x, and x, will be 
found to be that of an ellipse in the courdinate system 
of x; and x». Figure 18 illustrates the contours for this 
fitted model. 

The location of the center of the fitted system of con- 
tours can be obtained by differentiating the fitted second 
order model with respect to x; and x., setting these two 
equations equal to zero, and solving for x; and xy. Thus 
we get 

33.00x, 6.98x, = 16.48 


6.98x, + 34.40x. 3.38 


The center of the fitted contour system is then x, = 0.50 
X. 0.01. In this example the center of the fitted sys- 
tem lies within the experimental region and locates 
the predicted maximum response. Further experiments 
should be conducted in this area to confirm this pre- 
diction 

In second order model fitting it frequently happens 
that the center of the fitted contour system will lie fa 
outside the experimental region. In such circumstances 
it has almost no practical meaning, the “center” point 
being merely a computational artifact produced by the 
requirement of curved contour lines in the experimen- 
tal region. It should always be remembered that the 
fitted contours (1) approximate the unknown response 
function, (2) provide reasonable approximations only 


within the experimental region 


Third Order Models 


In the above problem, suppose the lack of fit mean 
square had proved to be significantly different from the 
experimental error. Would we then proceed to take suf 
ficient additional data to fit the coefficients in the fol 


lowing third order model? 








NK 7976.9 





Figure 18 (Center Point Values: 89.4, 90.0, 88.5, 89.3 





From an empirical point of view the usefulness of so in- 
volved a fitted function could not be great. Plotting the 
contours generated by such a model would be a Hercu- 
lean job, particularly if k, the number of controlled var- 
iables, is greater than two. Furthermore there are no 
easily understood and catalogued forms for these cubic 
expressions. All second order models can be finally re- 
duced to their “canonical” forms, that is, to ellipses, or 
hyperbolas or circles, etc. In brief, if a second orde: 
nodel is insufficient to explain the data it is then time 
to re-appraise the experimental area being studied, the 
sealing of the controlled variables, (should temperature 
be .ixed in equal arithmetic increments, or in equal in- 
crements on the scale formed from the reciprocal of the 
absolute temperature?) and finally the degree of con- 
trol over the many physical factors surrounding each 
experiment. Third order rotatable designs do exist how- 
ever and can be generated by adding points to existent 
second order designs 
Formulas for Estimating the Coefficients: 
2nd Order Models; Rotatable Designs 


So long as a rotatable second order design has been 
used, there is a set of formulas for estimating all the 
coefficients in the second order model, regardless of the 


number of controlled variables 


First let 


2a] Uk 


total number of observations, 
including all replicates 


number of controlled variables 


number of points at the cente: 


of the design 


total number of points on 


periphery 


2he XS (iiy) 
| I 


k] (iiy) 


b 
h) XSGiy) —2Ac (Oy) 
j 1 


(ijy) (31) 
The terms (Oy), (iy), (iiy) and (ijy) are the elements 
appearing in the extreme right hand column of the For- 
ward Doolittle array, that is 


(Oy) 


- 
< 


(iy) 


(iy) 


4 t¢ 4 4 
x 


A 
~ 
~, 


(ijy) 


These formulas appear quite cumbersome and for 
small values of k it would seem best to use the Forward 
Doolittle approach. Furthermore it must be remem- 
bered that these formulas can be used only with data 
obtained from a second order rotatable design. 


Formulas for Constructing the Analysis 
of Variance Table 
The total sum of squares absorbed by all the coeffi- 
cients in the fitted model equals 


k kk 
Sore b,(Oy) + = bfiy) + S S b,(ijy) (32) 
i=1 i=l Jol 


with (k+1)(k+2)/2 degrees of freedom 
The Residual sum of squares therefore equals 
S, = Sy? — So. (33) 
with N (k+1) (k+2) /2 degrees of freedom 
Provided now that valid replication has occurred, then 
Sp, the sum of squares for error can be computed, and 
the lack of fit sum of squares immediately obtained by 
subtraction, i.e. 
Sir Sk S, (34) 
The total regression sum of squares S,). can also be 
broken into component parts: 


Component Sum of Squares 


Due to b So = (0y)*/N 


Due to Ist order terms Ss 


* 
> b: (iy) 


Due to 2nd order terms S2».. by (Oy) bi; (ijy) 


l 
(0y)*/N 
The use of the formulas for estimating the coefficients 
and constructing the analysis of variance for a second 
order model is illustrated in the following example 


An Example 


In studying the effect of two controlled variables upon 
a response, an experimenter first used a 2° factorial de- 
sign with two center points and obtained the following 
results (see Fig. 19): 


x « y 
| 80.8 
] 85.1 
| $2.9 
l 71.9 

0 82.9 
0 0 81.1 


A glance at the plot of these data indicates that a planar 
approximation to the response function is not likely to 
be adequate. The fitted first order model is, using Equa- 
tion (25), 

§$ = 908 — 17x, 


The associated analysis of variance 


ss 
zy’ 39262.29 
Due 0 39155.68 
Due to b; 11.22 11.22 
Due to bs 30.80 30.80 


Residual 64.59 
Lack of Fit 62.97 


va? 
Error (3 1.62 


Non-significant 
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On the basis of the tests of significance provided by 
these data, the experimenter has made no progress 
whatever since the terms in the model are non-signifi- 
cant. The non-significance of the model, and the lack 
of fit term, is due primarily to the fact that the estimate 
of variance s* = 1.62 is based on only a single degree of 
freedom, i.e. o? is very poorly estimated. Suppose, how- 
ever, the experimenter knew from previous work in the 
same experimental environment that his error variance 
is, at the most, about s? = 4. Then, for example, the 
lack of fit F ratio would be equal about 8. A quick ref- 
erence to the tables of the F ratio with 2 degrees of 
freedom in the numerator show that F ratios of this 
magnitude, with only a moderate number of degrees of 
freedom in the error mean square {4 or more) are quite 
rare. On the basis of this additional knowledge con- 
cerning the error variance, the experimenter concluded 
that a first order model could not represent the un- 
known function and the decision was taken to augment 
the original design by six additional! points (including 
two in the center), to give the octagonal design array 
shown in Fig. 20. 


83.8 
80.9 


Proceeding now to fit a second order model we have, 
using the formulas given earlier, 


(Oy) Yy 956.4 (lly) =X)" 649.9 


(ly) = Sx, 8.38  (22y) x. 605.5 


— 


(2y) DXoy 18.90 (12y) 2X} 15.3 
Thus the fitted model is 


82.18 1.05x, 6.11x, + 0.92x, 
1.63x5* 1.19x, x. 
The associated analysis of variance is 


$s dj 


Crude Sum of Squares 76,880.22 12 


Due to b (Oy N d 76,225.08 


Due to Ist order terms: b — 
07 


1.05 (—8.38 ) —6.11 (—43.90 ” 


Due to 2nd order terms: b b b 
82.18(956.4 0.92(649.9 4.63(605.5 
1.19(—15.3)-—(956.4)*/12 


Residual : 163.04 
Lack of Fit Si 157.09 


Error : 5.95 
52.36 


Lack of Fit Test F 1.98 


26.44 (Highly Significant) 


In this analysis the lack of fit term is found to be 
highly significant, an indication that something may be 
wrong with the postulated model. However, in this ex- 
ample one is also led to wonder whether something 
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might be in error with the observation y = 57.7 record- 
ed at the experimental point (x, = 0, x. V2). Given 
that the response function is felt to be rather smooth 
and subject to oniy gradual changes over the experi- 
mental region, this point does appear to be unduly low. 
It is well to remember that the postulated model may 
not be the only reason for a significant lack of fit 


Second Order Designs for k 3 
For k 3 controlled variables the second order model 
contains ten coefficients 


4X" 


Bs3X3° 


f (36) 


osXoXy 
Rotatable second order designs are provided by the ver- 
tices of the icosahedron (12 points) and dodecahedron 
(20 points) plus a point at the center. However, the 
most utilitarian design, called “the central composite” 
design, is formed from the vertices of a cube (8 points) 
plus the vertices of an octahedron (6 points) with one 
or more points in the center. The octahedron portion 


An illustra- 


tion of a central composite design, plus the coordinates 


of the design is sometimes called a “star”. 


of the design point, is given in Fig. 21 
Coordinates of a Central Composite Design, k 


ry x 


2° Factorial 


Star Design 


Center Points 
0 0 0) 


The first eight points listed in the design matrix are 
the coordinates of the vertices of a cube, that is the same 
eight points that form a 2* factorial design. The next 
six points are the vertices of an octahedron, or star, 
design. To be complete the design requires one or more 
center points. The value of a, the length of the axis arm 
of the star design necessary to make the central com 
posite design for k 3 a rotatable design, is 2°/4 1.68, 
given that the coordinates of the 2° factorial are 
(25. 3, 353 

Illustrations of the application of second order models 
for k 3 controlled variables are given in the refer 


ences (1), (3), (6), (7), and (9). 
Second Order Designs for k > 3 


The second order model for k controlled variables 


iy Xo 





For k 1 controlled variables a rotatable second 
order design is formed by combining the vertices of a 
hypercube whose coordinates are given by the 2* facto- 
rial design with those of the measure polytope with 
coordinates (+, 2, 0,0, 0), (0, +2, 0,0), (0, 0, 2,0) and 
(0, 0, 0, +2), plus one or more center points. This de- 
sign is a four dimensional analogue of the central com- 
posite design 


A rotatable central composite design for k 5 is 
formed from the vertices of the 2° factorial, the measure 
polytope with axes arms going from —a to +a where 


“a 26/4 2.378, plus one or more center points. In 


general a k dimensional central composite rotatable 


design can be formed by combining the 2* points of the 


factorial with the 2k points of the measured polytope, 


plus center points 


However, for k 5 it is unnecessary to run all 
2 2k + n points (32 + 10 + n center points). A half- 
replicate of the 2° factorial will provide unconfounded 
estimates of the five first order coefficients, the b,, and 
the ten crossproduct coefficients, the b,,. Thus the half- 
replicate of the 2° factorial plus the star design, plus 
center points provides a second order central composite 
design. To make the design rotatable the axis arm of 


the sta ji he 2 


ould equal 2 2 

For k 6 and k 7 rotatable central composite 
designs are constructed from the 2* factorial, plus the 
star design plus center points, or with fewer points 
from the half-replicate of the 2" factorial plus the sta 
For k 8 controlled vari- 


ables a quarter-replicate of the 2" factorial can be used 


design plus center points 


provided that quarter-fractional factorial is chosen 
which gives unconfounded first order (b,) and cross- 
product (b,,) terms. In general a (42)" replicate of 
the 2" factorial can always be used provided all the 
linear and crossproduct coefficients can be separately 
estimated. For rotatability the axis arm of the star 
2‘k-P)/4 where p is 


design must be set equal to a 


the number of times the 2" design has been fractioned 


Blocking 


\ major difficulty in any experimental program re- 
quiring a large number of trials is the maintainance of 
a steady 


results are frequently biased by such factors as time 


tate experimental environment. Experimental 


trends, non-homogeneous raw material, differences be 
tween hift of workers, ete Of coursey the biassing 
effects of such factors can be reduced by ensuring that 
all the experimental trials are run in a random order 
However, the contribution of some factors can be elimi- 
nated, or much reduced, by dividing the design program 
into sub-sets or blo« ks each blo« k comprising the ex- 
periments run, say, on a given shift, or using a par- 
ticular batch of raw materials. To reduce the biassing 
effect of other unidentified factors the experiments ar« 


then randomly run within the block 


A turthetr important advantage can be taken of an 
experimental program which can be run in _ blocks 
Suppose it is the object of the experimenter to deter- 
mine the nature of some unknown response ftunction 
The strategy 


attempt an approximation of the response function using 


that is followed by the experimenter is to 
a first order model. If, for example, a fractional repli- 
cate of a 2* factorial is used for this purpose the experi- 


menter can determing 


1. Whether one or more of the independent variables 


may be eliminated from consideration (by compar- 


ing the relative magnitudes of the fitted coefficients 
in the first order model), or whether the intervals 
between the settings of the variables should be 
extended or reduced 


Whether a planar model is adequate to represent 
the response by noting the evidence of lack of fit 
either from the estimates of the b,, terms or from 
the evidence of curvature provided by the cente 
points. 


Granting that a planar model is adequate the deci- 
sion can be taken to move to a region of highe: 
response using a path of steepest ascent 


If a non-planar response is observed the experimental 
design should then be augmented to permit the estima- 
tion of all of the coefficients in a second order model 
This is quickly accomplished by adding whatever addi- 
tional fractions of the 2* factorial are necessary to obtain 
unconfounded estimates of the b,, and the b, terms; and 
finally by adding an additional block of points for esti- 
mating the b,, terms. These additional blocks of experi- 
ments would thus be run after decisions have been 
taken from one or more of the preliminary blocks 
Thus the experimental program would progress sequen- 
tially, each group or block of experiments being sepa- 
rately appraised to provide information for the next 


step 


A danger to this sequential approach lies in the pos- 
sibility that some external change in the experimental 
environment may generally raise or lower the average 
level of the response from one block of experiments to 
another. This danger is eliminated if the second orde1 
designs can be blocked so that the estimates of the 
linear, crossproduct and quadratic coefficients are not 
influenced by these block to block differences 


Rules have been determined which permit most sec- 
ond order rotatable designs to be blocked. The most 
important practical restriction to blocking the designs is 
that each block must in itself form a rotatable first orde: 
design. Fortunately, the 2* factorial, the fractional 
factorials, and the star designs are by themselves rotat- 
able first order designs. However, in order to make the 
estimated coefficients in the second order model or- 
thogonal (completely independent) of any differences 
contributed by block effects, care must be taken prop- 
erly to weight the numbers of points at the center of 
each block. Descriptions of the methods for blocking 
second order designs appear in references (5) and (9) 


As an example of the use of blocking, suppose all the 
odd numbered runs in the worked example illustrating 
the use of the Hexagon design had been performed first 
It will be observed that these runs form an equilateral 
triangle and hence this block of runs is a rotatable first 
order design. Fitting the first order model gives 


HyXy yXy 


Vector Matrix of Ind. Var. Forward Doolittle 
of Obs. I r ‘ b b, 
96.0 l 1.000 N <x =x 
76.7 | =x.x 
64.8 l : 6 =x;* 
97.4 l 
l 


93.0 0 427.900 


0 25.250 
1.5 10.305 


Solving gives 


85.58 +- 16.83x, + 6.90x 
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The Analysis of Variance Table is 


8s 
37433.69 
36551.25 
431.71 
b 70.80 
Residua 
Lack of Fit 


Error 


(Tests of significance in this example will hardly be 
meaningful, since the error variance is based on only 
one degree of freedom.) On the basis of this evidence 
let us suppose that the experimenter now wishes to 
augment the equilateral triangle design so as to provide 
enough information for estimating all the coefficients in 
a second order model in this experimental region 
Imagine then that a second equilateral triangle (the 
even numbered runs) with two center points is added 
to the first, this second block of experiments forming 
with the first block of experiments, a hexagon design 
However, let us suppose that the second block of experi- 
ments give observation everywhere depressed by 10 
percent, i.e. observation number two now equals 
78.7 10.0 
tions would then be 


68.7 percent The new vector of observa- 


Vector 
of Obs. Matrix of Ind. Var. 
y (%) I x? r;* 
96.0 0 1.00 
68.7 g 0.866 0.25 
76.7 0.866 0.25 
44.6 0 1.00 
648 0.866 0.25 
68.9 5 0.866 0.25 
97.4 
80.5 
93.0 


76.3 


Ignoring for the moment the Block I and Block I 
column vectors in the matrix of independent variables 





the Forward Doolittle solution for the coefficients 


becomes 


766.9000 
19.4500 
10.1320 

210.3750 

209.3250 


0.75 5.3290 


The coefficients b,, b. and b,. can be determined by 
sight. All the off diagonal elements associated with 
these terms are zeros and hence we know directly that 
for example, b. 10.1320 /3 3.3773 and furthermore 
that the sum of squares attached to this estimate is 
given by (3.3773) (10.1320) 34.2188. This reduces 
the elements to be handled directly by the Forward 


Doolittle technique to 


b 
10 : : 9000 
; 3750 


3250 


766.9000 
76.6900 


15 19.6950 
1111 14.5889 


)* 299 
22.9333 


17.2004 


Solving for the coefficients 


l(b 17.2004: b 
1(b,,) — 0.1111(b 14.5889; b,, 
1(b,) 0.3(b,,) 0.3(b 76.6900: b,, 


17.2004 
16.5000 
76.4799 


Thus the fitted equation is 
vy 76.48 16.48x, 3.38x 16.50x 


17.20x 6 UR 


With the exception of the b, coefficient, the fitted model 
is identical to the earlier one The shape of the fitted 
contour surface will thus remain unchanged despite the 


fact that Block II depressed all yields 











Figure 20 
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Analysis of Variance Table 
8s 
> > 61191.6900 
Due to Blocks 790.3210 
b. 58813.5610 
849.3180 
718.3884 


20.1016 
1.6016 


Linear Terms 
2nd Order 


Residual 


Lack of Fit 


Error 18.5000 


The block sum of squares is determined as in regular 
Analysis of Variance. Thus we take 


>(B,)* 
1 


Total for Block i 
Number of obs. in Block i 
Grand Total of obs zy 


Total number of obs 


(339.0)* (766.9)- 


5 10 


790.3210 (38) 


The error sum of squares must now be obtained from 
within each block and then pooled. Since there are 


two repeated observations in each block, the error sum 
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Sd? (4.4)? 


of squares is given by 9 


(4.2)- 7 
18.5000 
2 
with 2 degrees of freedom. We observe that the lack of 
fit term is non-significant, that the second order terms 
are significant, and that the contribution of the block 
effects is significant. However, the differences between 
the blocks did not obscure the shape of the fitted con- 
tours since all the coefficients associated with x,, x», x’, 
x,* and x,;X» have remained unchanged. 


So long as the points comprising a rotatable design 
can be broken into blocks all with an equal number of 
points, and each block by itself forming a first order 
rotatable design, then the number of points required 
at the center of each block remain equal, and the 
full second order design remains rotatable. Thus, the 
octagon design can be broken into two blocks, each block 
having four peripheral points plus two center points. 
The center point is replicated within each block to pro- 
vide an estimate of error. 


However, it is not always possible to split up a sec- 
ond order design into blocks all with equal number of 
points, and have each block be a rotatable first order 
design. For example, the central composite design for 
k 3 controlled variables can be broken down into 
three rotatable first order designs: two provided by the 
two half-replicates of the 2° factorial each with four 
peripheral points, and the third block by the star design 
with six peripheral points. It is now impossible to 
guarantee rotatability and orthogonal blocking. How- 
ever, if the axis arm of the star design is changed from 
1.682 units (the distance for rotatability) to 1.633 units, 
and two center points are placed in each block, then 
orthogonal blocking is obtained. The design is only 
slightly non-rotatable, the change from 1.682 to 1.633 
being barely noticeable. 


The central composite design for k=4 controlled vari- 
ables can be orthogonally blocked and remain rotatable 
Two blocks are formed from half-replicates of the 2! 
factorial (each has eight peripheral points) and from 
the star design (also with eight peripheral points) 
Here the axis arm for rotatability plus orthogonality is 
a = 2.000, each block containing at least two center 
points. 


The table given below lists the number of points 
required for rotatable or near-rotatable, or orthogonally 
blocked, central composite designs. This table is 
abridged from reference (5). Other tables of rotatable 
designs appear in references (5) and (13). 


kK 


Ne: Number of points in cube 

Number of blocks in cube 

Number of points in block 
from cube 

Number of added center points 

Total number of points in 
block 


Axial block 

na: Number of axial points 

Number of added points 

Total number of points in 
block 


Grand total of points In the ; 
design 20 


Value of «a for orthogonal 
blocking 1.4142 1.6330 2.0000 2.3664 2.0000 


Value of a for rotatability 1.4142 1.6818 2.0000 2.3784 2.0000 
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uses of total quality control in 


Top Management 
ecision Making’ 


JAMES F. BOURQUIN 
Whirlpool Corporation, St. Joseph, Mich. 


b pee article will treat the role quality activities can 
play in top management decision making. By elimi- 
nating expertese in statistical quality control, we can feel 
free to discuss this area from a management viewpoint, 
paying particular attention to the ways in which quality 
control can effectively help decision making at the high- 
est management levels. I am sure this is a basic issue 
in all industries. It surely is one of our chief day-to- 
day concerns at Whirlpool. Of course, the ways in which 
we, as quality control people, can make a contribution 
to management must necessarily vary with company 
size, type of product, and market served. To better un- 
derstand our approach and to isolate specific steps in 
our program which might be useful in applications in 
other companies, the subject will be developed unde: 
four general headings: 
1. Whirlpool’s recent historical background, product mia2 
methods of distribution, and market served. 
. The nature of problems created by our type of product 
and company structure 
3. The basic framework of policy as developed for quality 
functions that contribute to management guidance 
. Specific examples in the key areas of design evaluation, 
process inspection and product control, quality audits 
and field service experience. 


General Background 


Whirlpool Corporation, as constituted today, is vastly 
different from the Upton Machine Company of St 
Joseph, Michigan which first supplied a washing ma- 
chine to Sears, Roebuck and Company in 1916. Al- 
though the original company became the sole supplie: 
of home laundry equipment to Sears in 1922, it was in 
the late 1940’s before products marketed through a 
dealer and distributor organization under the Whirl- 
pool brand name were promoted: on a national basis 
The dual distribution marketing plan, providing two 
competing lines from the same facilities, combined with 
the post-war boom and quality-oriented engineering to 
give impetus to steady growth. Additional facilities 
were rapidly acquired after 1950: a plant and ware- 
house in LaPorte, Indiana, in 1951; others at Clyde, 
Ohio, in 1952 and ’53; and another at Marion, Ohio, in 
1955. Employment rose from 1500 in 1948 to a total of 
6000 in mid-1955. The present company is actually the 
product of a merger in September, 1955 of the “old” 
Whirlpool Corporation, the Seeger Refrigerator Com- 
pany, and the range and air conditioning divisions of 
RCA. There are now nine manufacturing plants, in six 
divisions, with approximately 13,800 employees 


*Presented to the Winnebago section of the American Society for 
Quality Control 
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It became apparent in 1950 that there was a new 
trend in appliance distribution. It was obvious that the 
manufacturer who could provide a full line had sig- 
nificant advantages over companies building a single 
set of family products. The merger in 1955 stemmed 
from the needs indicated by these trends. The new 
Whirlpool Corporation brought together manufacturers 
of home laundry appliances, refrigeration products, and 
kitchen ranges. Intensive internal engineering research 
had developed many consumer products which could be 
released for manufacture in the varied facilities which 
became available. By early 1958, this had resulted in a 
product mix of: automatic washers, dryers, ironers 
combination washer-dryers, wringer washers, refriger- 
ators, freezers, food waste disposers, ice cube makers, 
free-standing electric and gas ranges, built-in gas and 
electric ranges and ovens, room and central! air condi 
tioning, and vacuum cleaners 


Another major long range effort was consummated 
last January with the acquisition of the Servel facilities 
which had been utilized in the manufacture of its ga 
refrigerator and an automatic ice maker. This move 
was made to meet the needs of the gas utility compani 
which found themselves without a supplier of gas refris 
erators after Servel ceased manufacturing operation 
early in 1957. The new relationship greatly broaden 
the potential marketing area for promotion and sale of 


our entire gas appliance line 


Inherent Problems 


It is obvious that this type ol progress has not been 
without its cost. Rapid introduction of new product 
in response to consumer needs, and violent schedul 
fluctuations in quick response to demands of the con 
sumer market, has made increasingly greater demand 
on the quality control staff. Nation-wide distributior 
with varying climatic and use conditions for the sam« 
product has called for increasing sensitivity to field 
service information. Transfers of operations between 
plants, formation and training of new management 
groups, and the concepts of decentralized, autonomou 
divisions all have highlighted the role which tne qual 


ity organization has had to play 


Basic Policies 


What overall framework of policy is essential to im 
plement quality functions within autonomous division 
where there are diverse product problems in varying 
facilities? A few general principles set the stage for the 


quality activity at both division and corporate levels 





There are three fundamental, concepts which we have 


found necessary 


Quality is a line responsibility of the operating organiza 
tion. This cannot be dodged or passed off on a vendor 


customer, or as a sales function. Divisional quality 


directors must strive for the total quality of the product, 


including design, process and vendor surveillance. At 
Whirlpool, our quality control managers have both the 
responsibility and the authority to stop any operation 
which is running outside quality limits. On our assem- 
bly lines, it is not unusual for an inspector to issue the 
order top the line”, with an explicit understanding 
that only when positive steps have been taken by pro- 
duction supervision can the line be started again 


Quality ¢ a management function of equal stature with 
engineering, purchasing or manufacturing. The quality 
organization reports directly to top management at the 
same divisional staff level as a chief engineer, purchas- 
ing director or manufacturing manager. In both theory 
ind practice, the quality control groups are independent 
of the production line organization and are free of pres- 
sure of meeting schedules. In other words, quality 
considerations are paramount and are placed ahead of 
sales schedules and short-term demands. 


Quality is common understanding, a mutual apprecia- 
tion that our survival depends on supplying products 
which are competitive in price and design and are of 
superior quality 


To implement these policies, in keeping with the 
other dynamic forces in our company, we have found it 
necessary to explore every means of making positive 
contributions to management direction. This necessity 
has plunged us into use of the “total quality” concept 
Of course, the principle of this total quality idea—and 
its fundamental difference from other more limited 
viewpoints—is the realization that in order to be really 
effective, control must start with the design of the prod- 
uct and end only when the product has been placed in 
the hands of a customer who is so pleased she will re- 
turn to us in the future 

We are all familiar with this basic premise and, ad- 
mittedly, the catch phrase “total quality control” has 
become greatly overworked in recent years, in the same 
manner that statistical quality control became so fash- 
ionable shortly after World War II. However, to us at 
Whirlpool, total quality has become very real—some- 
times rather painfully so. This viewpoint has made it 
possible for us to focus quality efforts on several basic 


at as 


Key Quality Areas 


We feel that the scope of oul overall contribution can 


be broken down into four general classifications 


1. New design evaluation. This deals with such activities 
as product engineering and manufacturing engineer- 
ing. A close relationship is essential between these 
functions and the function of the quality director in 
planning controls for new or modified products prior 
to the start of production, and careful evaluation of 
new products or features through large-scale field 
testing before volume production is begun 


2. Control of processed and purchased material. This 
deals with work within our manufacturing facilities 
including shop operations, inspection and testing func- 
tions, and the functions of purchasing and receiving 


Inspection 


3. Quality Audits. Daily appraisals using customer ac- 
ceptance laboratory testing as a surveillance medium 
in measuring the success of our own in-plant quality 
efforts has provided a valuable means of measuring 


trends in the outgoing quality level of our product 
and has provided a quick method of forcing defect 
problems back into the processing source 


Field Service. A unique means has been developed to 
identify from service call trends the longer term prod- 
uct defects, either from manufacturing or engineer- 
ing, which would not normally be apparent until a 
later date 


Design Evaluation 


An example of design evaluation occurred recently at 
one of our divisions. A major product improvement in- 
volving several basic changes will soon be introduced 
n home refrigeration. With this major change in the 
product and the various new features which are made 
possible, it was necessary to add many special parts, 
including a timer, two solenoids, special switches, addi- 
tional light bulbs and several fans. An important session 
in the design evaluation was a meeting between the 
divisional quality director and the chief engineer to 
consider each component which represented an addition 
above and beyond equipment already being produced. 
Based on a thorough analysis, using service data of 
similar components on other products in our line which 
are built or used by other divisions, it was possible to 
estimate item by item our expected field service problem 
or overall quality liability from each added component, 
assuming future experience would follow the current 
pattern. 

This type of analysis serves several purposes. It per- 
mits the sales and service departments to assess the 
quality implications of a new product, such as the need 
for specific training of service personnel, and it pro- 
vides a basis for estimating in-warranty and free-service 
costs. The engineer is able to rapidly assess the sensi- 
tivity of his product to the addition of new gadgets, and 
the quality director working with purchasing has a good 
planning basis for revising or tightening his Acceptance 
Quality Levels in receiving inspection on many pur- 
chased components. The field liability we face, and the 
higher quality standards we require, are thus made 


clear to top operating and sales management, long be- 


fore the actual production date 

Thorough field testing of new product or feature de- 
velopments is also a most significant factor in the de- 
sign evaluation. We firmly believe that our equipment 
must be tested in actual use by the consumer before 
release for production. It is not uncommon for produc- 
tion schedules to be revised or postponed until proper 
field evaluation has been made. Through experience, we 
have found that laboratory or engineering testing alone 
is not entirely adequate as an estimate of what we can 
expect from a product in the field 


Process and Purchased Part Controls 


Effective in-plant use of quality control has made 
our management decisions easier in the area of capital 
expenditures. A recent case developed in one of ou 
porcelain facilities from a proposal for the purchase of 
a special, new type of equipment designed to more 
efficiently apply the outer white coat of enamel to sheet 
metal parts. An investment of over $100,000 plus in- 
stallation and start-up costs showed a possible amortiza- 
tion in less than two years from projected reductions in 
material usage. Quality control was at that time actively 
participating with industrial engineering in process 
studies towards reduction of material usage costs. This 
involved careful inspection counts of approved ware, 
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IBM tabulation of total footages run, accurate measures 
of weekly material usage, establishment of additional 
nspection control points, and, finally, a regular sta- 
tistical evaluation of material usages. The program also 
required re-education of all levels of supervision and 
identification in greater detail as to causes for rejection 
Personnel were re-trained and necessary corrective 
measures applied, resulting within ten weeks in material 
usages with existing equipment less than had been 
promised for the new expensive installation. An ob- 
vious decision was that despite certain desirable fea- 
tures. the proposed purchase could not be amortized 
rapidly enough to justify the investment 

A similar situation occurred in 1956 on a somewhat 
larger scale. As you are aware, there has been a de- 
mand for porcel iin enamel finishes on home appliances 
All-porcelain machines, even though they are ex- 
pensive, have taken the fancy of many American 
housewives because they represent top quality. From a 
management standpoint, one of the problems thus 
created is the capital investment necessary to provide 
adequate porcelain facilities. In rough figures, a modern 
automated plant of this type might require in excess of 
$3,009,000. Our management was faced with the situatior 
of having two divisions in Ohio which produced prod- 
ucts with a high percentage of porcelain finish, and a 
processing facility at only one of the plants. It was 
questionable whether the one existing first-class porce- 
lain facility could supply both operations. However, 
statistical quality control had never been applied in the 
operation of this recently acquired division so we de- 
cided to run an experiment and go all out and apply 
these methods to control of operations at the plant, at 
the same time keeping an accurate measurement of 
quality levels before and after the installation. In fou 
months, the percentage of rejects at the newly estab- 
lished control points had dropped approximately 29 
Whereas, the plant formerly had difficulty in 
meeting a minimum schedule, after some facility ad- 


percent 


justment and training of new personnel and with care- 
ful controls on quality, it was able to produce 130 per- 
cent more tops pe! day 

When the increased capacity 


plant and equipment investment, top management de- 


vas related to possible 


cided that capital expenditures could be postponed. In 
fact, the same facility still serves the two divisions with- 
out hardship 

The quality director has a vital part play in 
judgments of the work force, estimates change 
necessary to handle schedule fluctuations, and evalua- 
tions of supervisory capabilities. For example, Fig. 1 
shows the weekly total of assembly defects found on 
our combination washer-dryet line at the St. Joe Di- 
vision for the last half of 1957 and the first part ol this 
year. It illustrates how statistical quality control pointed 
out a problem, helped analyze some of the reasons for 
the problem, and showed progress towards elimination 
As you can see from the chart, we were rapidly drop 
range” until 
October 1, 1957. The report issued during that week 


ping down into the “smooth operation 
showed an upturn, but of no great magnitude. Normal 
attention was given to the operation, wat hing to see if 
it was just a peak or a new trend. The following week 
however, the defect curve made a very decided upturn 
for the worse, putting our defect level back to where it 
had been the previous September 

This was brought to the full attention of management 
by the quality director and the reason was determined 
to be one of worker attitude caused by a layol! on 
October Ist. Continuation igh fect rate in- 
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Figure 1—Combination Washer-Dryer Responsibility Analysis of 
Weekly Average Defects per unit at Final Assembly 


dicated that their attitude was being reflected in poo: 
workmanship on the assembly line, not just a training 
problem due to bumping. This called for intensive work 
with and by supervision and the addition of more in 
spection to maintain the proper outgoing quality level 
The defects were analyzed as to source and identified 
as those attributable just to assembly, those originating 
by processing work done in our plant, and incoming 
vendor material. The sensitivity of this type of statistical 
control to employee attitudes is further shown with 
schedule increases in February which rapidly resulted 
n an improvement in quality. We are confident this is 
also an indication that the employees better understand 
in the present economy, the advantage of having a good 
job and the necessity of doing good work 

Process capability studies of specific parts can play a 
major role in obtaining the proper engineering de 
cisions, As we have all experienced, engineers are gen 
erally the type of individuals by experience and train 
ing that have to be dealt with using facts. Conversation 
around and about a problem seldom seems to satisfy 
them. An interesting illustration of this approach wa 
recently made at our Marion Division 

A careful study was made in an effort to reduce noise 
and bearing failure problems in assembly of the fan 
bearing and fan shaft used in both gas and electric 
dryers. Many careful measurements established that the 


bearing manufacturers’ tolerances 


coincided with our 


print tolerances and that the mean size was fairly well 
centered about the mean value of the specification. Thi 
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Figure 2—Machine Capability Study on Purchased Dryer Fan 
Shaft Diameters 





was not exactly the case for the purchased fan shafts 
As illustrated in Fig. 2, precise measurements indicated 
two problems. First, the mean value of the shaft di- 
ameter did not correspond with the mean of the exist- 
ing specification. This showed that the process must be 
shifted slightly. Secondly, the specification value itself 
should be altered by changing the mean shaft diameter 
from 0.4995 to 0.5018. The revision would throw shaft 
bearing clearances between 0 and 0.001, a more desir- 
able condition than the present clearances of 0.0015 to 
0.0030. When the processes are in control and the shafts 
selected at random for assembly, less than one percent 
of the parts require selected fitting as compared to the 
original situation where an excess of eight percent were 
out of specification and on the low side contributing to 
loose fits, noise, and bearing failures. The rather lim- 
ited illustration is used to point up the possibilities for 
using factual presentations of control data to establish 
the feasibility of doing a better quality job with changes 
in processing, or engineering specifications. 


Quality Audits 


We have found that there is a vital management need 
for a current measuring stick of the outgoing quality 
level by product and by division, and some overall es- 
timate of quality trends in the corporation. This is being 
done by what we call our customer acceptance labora- 
tories. These are a separate function, not part of the 
regular inspection organization, reporting directly to the 
quality manager at each division. 

A small sample is pulled at random from units which 
are either already packaged or which have received the 
final inspection stamp of approval. The appliances are 
set up, cycled, and carefully checked for all defects 
which would be apparent at time of installation or dur- 
ing very early use. Since the result of these independent 
audits on product actually being shipped go to divisional 
management on a daily basis, and to the corporate op- 
erating vice president on a weekly basis, we have found 
that any problems discovered are backed very rapidly 
into the processing source for immediate correction. 
Figure 3 is a typical weekly report from our air condi- 
tioning operation at Evansville and shows the standard 
form used by all divisions. The example identifies an 
interesting and highly provocative situation which de- 
veloped in early December. Start up of a very expensive 
new high humidity test facility for the customer accept- 
ance laboratory on air conditioning resulted in a strik- 
ing rise in the number of defects reported. As you can 
easily believe, rapid management action followed, with 
improvements immediately being introduced into proc- 
essing and assembly. The second peak which occurred 
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Figure 3—Consumer Acceptance Laboratory Test Report for 
Room Air Conditioners 


at a later date shows the start up on a new model, 
resulting in rapid correction of certain problems. 

We feel that the trend of the results from the actual 
sample taken is more significant in these tests than the 
shaded area of 90 percent probability, which is a func- 
tion of the size of the sample taken, 


Use of Field Service Information 


Shortly after the war, another vital quality technique 
was established in our company. This control is a meas- 
urement of the number of service calls to customer 
homes as a ratio of the number of sales. 

Obviously, it was not necessary from a statistical 
standpoint to attempt a 100 percent check on field per- 
formance, so a number of key outlets were designated 
as TEST STORES. Annual sales volume from these 
stores represents from 7-10 percent of the total retail 
volume, and are scattered throughout the country to 
give varying conditions typical of all the major dif- 
ferences in climate or operating conditions. In each of 
these stores, servicemen keep a complete and accurate 
record of the reasons for every call that comes in from 
a customer for each of our products. These calls are 
totalled monthly for all assignable problems. Service 
calls traced back to either installation or customer in- 
struction covering our equipment are listed as store 
responsibility. All other causes are listed as Whirlpool 
responsibility and are summarized by component and 
for the entire assembly. Since these test store locations 
also report total sales for each of our products at the 
end of each month, it is possible to quickly translate 
these findings into quality control trend charts. 

A typical chart (see Fig. 4) shows results from late 
56 through mid ’58 on refrigerators. A reading of 100 
would mean that we are having service calls on an 
annual basis of one per unit. Each month our top man- 
agement people receive the supporting statistical data 
as well as small trend graphs by component. This chart 
is interesting as it shows the marked seasonal trend in 
refrigeration problems. In the warm summer months, we 
had about 8/10 of a service call per unit sold on an 
annual basis, with a considerable drop off during winter 
months. 

For products and components which have a back- 
ground of experience, we also show the previous year’s 
record for reference purposes, as shown on Fig. 5, a 
chart of the electric dryer. As you can guess, any rise 
in the trend line of service calls on a component serves 
as a potent danger signal to each member of our man- 
agement team. Several years ago the trend line for 
switches rose rapidly over several months. Additional 
checking procedures were set up in incoming receiving 
inspection departments in accordance with our accept- 
ance sampling tables. Quality control charts were es- 
tablished and a correlation of defective percentages at 
time of receipt was made with the indicated field experi- 
ence. An acceptable quality level with a sound basis of 
fact could then be set up, and followed with full under- 
standing, both by our plants and the vendor. Figure 6, 
a report on switches, also aptly illustrates a situation 
where the upward trend was allowed to continue too 
long before design improvements and tightened controls 
were established. 

When the timer trends shown in Fig. 7 became ap- 
parent, our vendors were fully advised of our findings 
and required to set up quality controls in their own 
facilities which would tie in with our acceptance sam- 
pling in receiving, since we had established that the 
percentage of defective merchandise received at our 
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plants closely paralleled the percentage of defective 
parts in the field. The improvement in 


months is readily apparent. 

Sensitivity to field trends has helped receiving in- 
spection. It has been possible through a careful pro- 
gram of acceptance sampling studies, to work out cer- 
tification agreements with certain of our suppliers. 
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These agreements provide that the necessary statistical 
quality controls will be established by the supplier and 
that each lot of parts they send us will be certified to 
be within agreed upon limits of acceptability. We are 
then able to send parts directly to assembly without in- 
large 
standpoint, this program 


curring inspection costs. From a management 


of acceptance sampling and 
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vendor certification has been helpful in choosing good 
sources of supply and maintaining fine relationships 
with our vendors 

Early last year, a trend developed in our automatic 
washer pump assembly as shown in Fig. 8. An analysis 
was presented to the quality control department based 
on specific data from the field. The quality manage 
and service people were able, using this data, to estab- 
lish a mutual understanding with engineering as to the 
product improvement action to be taken. For example, 
in January '57 the housing material was changed from 
plastic to die cast and a 100 percent operation was added 
to drain the pump housing before shipment and elimi- 
nate danger of freeze cracks. A revised impeller was 
specified and an improved seal added. The weight ol 
product in the field shows in the rising trend line for 
everal months; however, the effect of the improvements 
are apparent starting in mid ’57 

We feel that this type of quality analysis is a highly 
valuable management tool both in showing our long- 
term results of engineering design problems and manu- 
facturing errors. The index is sufficiently sensitive that 
a percentage of any type defect shows up rather quickly 
in the trend 


Summary 


Cases have been shown of how management direc- 
tion can be helped through effective use of quality con- 
trol in the four major aspects of our work. These ex- 
amples come from all the major portions of the total 
quality picture starting with design evaluations through 
processed and purchased material controls, quality 
audits and the sources of vital information through 
field service reporting. 

In outlining quality control contributions to manage- 
ment, situations have been used from Whirlpool activ- 
ities. However, it is reasonable to assume that similar 
steps are being performed in some form by nearly all 
industry. Wherever manufacturing operations are car- 
ried out, an ever increasing amount of attention is be- 
ing given to quality. This is accompanied by steadily 
mounting pressures for better techniques, education, 
and controls. The growth beyond the level of merely 
pinpointing defects through statistical sampling methods 
without significant plans and long-range objectives, to a 
new position of vital force in management direction, is a 
solid indicator of the quality function’s rising stature 
in today’s industry. 
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anagement’s Corner 


A Note on 


Economics of Quality 


J. M. JURAN 


|" the last few years this department encountered an 
opportunity to study a cause and effect relationship 
between product quality and resultant sale of the prod- 
uct 

Data on which such studies can be based are rare in- 
deed. In this instance, the data were available due to 
the fortuitous presence, within the same company, of 
quality and sales data on a wide list of competing prod- 
ucts. (The company in which these studies-were made 

i leader in its field, and is alert to make use of factual 
data to improve its operations.) 

The products in question were all consumer type 
goods. These goods exhibit a variety of qualities, in- 
cluding certain sensory qualities which are believed by 
the people in the industry to be critical in achieving 
sales 

The data have been reduced to a single correlation 
(Fig. 1) reflecting quality as the cause, or independent 
variable, (on the X axis) and sales as the effect, o1 
dependent variable, (on the Y axis). A word of ex- 
planation is in order on the construction of Fig. 1 

The company conducts extensive “consumer quality 
preference” tests.+ These tests consist essentially of 
submission, to consumers, of paired products A and B 
The consumers use these products and then express a 
quality preference, if any, for A or B. For example, the 
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The tests are well designed statistically to minimize bias and 


othe experimental errors 


20 


J. M. JURAN, Editor 


company’s product A competes* with product B made 
by a competitor. Samples of A and B are submitted to 
500 consumers, who then express quality preference as 
follows 


Prefer A 240 
Prefer B 160 
No preference 100 


In Fig. 1, the consumer quality preference for prod- 
uct A would be regarded as 60 percent, i.e., 240 is 60 
percent of the 400 consumers making a choice. 

*“Competing products” in this study were competing in the dic- 
tionary meaning of the word. The competing products served the 


same functional use, were sold in the same sales channels, to the 
same market, and at essentially identical prices 
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“tenths” and “thousandths” scales. 


For more than half a century, Ames measuring 
instruments have been regarded as the finest made. 
Today the constantly growing line of Ames indica- 
tors, gauges, micrometers and comparators includes 
such amazingly accurate instruments as the new 
Ames “PORTA-CHECK”, an electronic comparator 
which gives accurate readings in millionths of an 
inch; and the new Model AG air gauge 

also accurate to millionths of an inch. Wherever 
precision is really important ... you'll find 


Ames “masters of measurement” on the job. 
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ANGLE CHECK® 
For precise checking of all types 
of angular parts. 
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For desk, bench or 
at-the-machine in- 
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parts. 
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announcing a new technical journal 


TECHNOMETRICS 


A JOURNAL OF STATISTICS FOR THE PHYSICAL, CHEMICAL AND ENGINEERING SCIENCES 


co-sponsored and published quarterly by 
The American Society for Quality Control 


and the 


American Statistical Association 


Editor: J. S. Hunter 
Associate Editors (list to be extended): 


G. A. Barnard 
C. A. Bennett 
C. Daniel 


TECHNOMETRICS has been created to meet the 
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Society for Quality Control for the publication 
of technical articles pertaining to the problems 
of quality control, reliability, and experimenta- 
tion. 


Bessie B. Day 
R. J. Hader 
M. Zelen 


TECHNOMETRICS will be designed to supplement 


INDUSTRIAL QUALITY CONTROL, the Journal 
of the American Society for Quality Control, 
through the publication of articles of increased 
mathematical and statistical content. However, 
whenever practicable, articles will be accom- 
panied by numerical examples. Short technical 


TECHNOMETRICS is a direct consequence of the 
Se are professional standards of the American 
iety for Quality Control. 


(You are invited to read this issue's From the President's Desk, page 4, which contains additional information about Technometrics.) 
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The company also secures extensive information on 
the actual sale of its products (and those of competi- 
tors) at the retail level. These data are available in the 
form of “percent of market sales.” For example, the 
company’s product A competes with products B, C and 
D sold by the competitor companies. 

The resulting “percent of market sales” are: 


Product 
A 
B 
Cc 
D 


In Fig. 1 only that part of the market commanded by 
A and B has been considered. A has 75 percent of the 
total of A B, and hence is in Fig. 1 regarded as hav- 
ing 75 percent of market sales. 

In this way, the information available on products A 
vs. B has been reduced to two preference percentages: 

A has 60 percent consumer quality preference as 
judged in the consumer quality comparisons. This 60 
percent becomes the X value in Fig. 1; 

A has 75 percent of the A + B market sales as de- 
termined from actual sales data. This 75 percent be- 
comes the Y value in Fig. 1. 

Figure 1 contains 41 points, thus representing a rela- 
tionship between quality (percent consumer quality 
preference) and sales (percent of market sales) on 41 
products. 

Statistical analysis of Fig. 1 discloses that: 

(1) The market is virtually devoid of any product 
(this company’s or its competitors) which has less 
than 25 percent consumer quality preference. 

(2) The variation in percent of market sales is 
much greater than the variation in percent consumer 
quality preference. The former extends over virtually 
the entire Y axis while the latter extends over only 
40 percent of the X axis. 

(3) Within the active range of percent consumer 
quality preference there is no significant correlation 
with percent of market sales. 

Discussion of these phenomena brought out the fol- 
lowing beliefs: 

(1) A product which cannot command as much as 
25 percent consumer quality preference will in short 
order disappear from the market for that reason 
alone, no matter what is done about advertising, pro- 
motion and other sales devices. This, at least, was the 
accepted explanation for the absence of any products 
from the zones of consumer quality preference below 
35 percent or above 78 percent. In other words, it was 
concluded that there is some minimum acceptable de- 
gree of percent consumer quality preference and that 
outside of this range the product must perish for qual- 
ity reasons alone. 

(2) An added consideration enters the picture in 
the “acceptable” range of percent consumer quality 
preference. Within this acceptable range there are 
very large variations in percent of market sales de- 
spite small variations in percent consumer quality 
preference. The conclusion was that quality, though 
necessary, is not sufficient to generate sales, and that 
once the “necessary” range of quality has been 
achieved, the extent of sales is dominated by other 
factors. 

There was a good deal of factual support for this 
theory. Company officials pointed to specific instances 
in which a product (either theirs or a competitor’s) 
had achieved a “historical franchise.” This is a form of 


Percent of Market Sales 
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consumer loyalty derived from a product's early entry 
into the market, and sustained by continuing an 
acceptable level of product and a skillful use of mer- 
chandising. In other instances, dominance in sales 
was attributed to specific merchandising factors, i.e., 
packaging, promotion, etc. 

(3) Within the acceptable range of consumer qual- 
ity preference, a small quality improvement is of 
small economic significance. This conclusion is of 
great practical importance. 


he company Sales and Research officials were en- 

gaged in a number of projects for improving the 
quality of their products. Some of these projects were 
aimed to achieve “break-throughs,” i.e., large improve- 
ments which might gain a clear advantage over com- 
peting products. However, other projects were for small 
improvements. As to these, there was no way of estab- 
lishing their economic significance. 

In particular, some of the projects were directed at 
raising the consumer quality preference for a given 
product from a value of less than 50 percent to a value 
greater than 50 percent, for example from 47 percent to 
53 percent.* It appeared that pride, as well as the 
technical challenge, spurred these officials to attempt 
to outdo their competitors. However, the data suggested 
that they stood to gain more by achieving a few large 
improvements rather than numerous small improve- 
ments. 

It is curious that in a capitalistic economy, one of the 
least explored areas in the Quality function has been 
that of Economics of Quality. It would be helpful indeed 
if industrial people were to share their experiences in 
this vital area. 

*The company was fully aware of the principle of statistical sig- 
nificance in interpreting numbers such as this 
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What's New? 


P-1-4—A complete line of electronic 
test equipment for the measurement of 
impedance, attenuation, and other mi- 
crowave properties within the millime- 
er waveguide ranges has been devel 
yped by Narda. Specific equipment in 
K, V, Q, M, and E Bands which now 
ivailable include Variable Waveguide 
Attenuator Tuneable Waveguide Ds 

ector High Directivity Directiona 
Coupler Impedance Meters VSWR 
Amplifier rerminations, E-H Tuner 

Frequency; Meters and Waveguidk« 
Clamps and Stands. The new equip- 
versatile for many 


ment is extreme! 
types of microwave measurements, due 
to the precision and accuracy which go 
into its manufacture. Particular care 
is taken in each step of the fabrication 
to assure the additional precision re- 
quired for the higher frequency ranges 
encountered, For .example ilver or 
tellurium copper is used as waveguide 
material to maintain transmission losses 
at a minimum. Similar precautions are 
taken with all other millimeter compo 
nents to insure their complete re- 


ability 
i a 


P-1-5—The Cen-Tec Armature Teste 
has been developed for high speed 
rmature testing. The test unit check 
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to make your quality talk more 
forceful 

to make your in-plant training ; 
course more effective 


The Quincunx is a must for pre- 
sentation of basic quality control 
principles. Demonstrates visually 
to your audience how a Normal 
Distribution pattern is formed. 
Also demonstrates how various 
Non-Normal distributions are 
formed. 


Lightning Calculator Co. 
Box 6192 
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with ease armature windings for shorts 
opens, and grounds at a _ production 
rate of about 600 pieces per hour. In 
operation, the armature haft is in- 
serted into the bored end of the pilot 
rod which extends outward from the 
panel of the machine. As the pilot rod 
is pushed to its inner position, it trips 
a limit-switch which starts the machine 
test cycle. Magnetically operated radial 
contactors then close in on the com- 
mutator bars, completing circuits to the 
electronic evaluating section. The ar- 
mature windings in the piece to be 
tested are compared with a built in 
standard by means of a balanced bridge 
circuit. Any deviation beyond a pre-set 
tolerance, between the standard and the 
test armature, results in the lighting of 
a red “reject” lamp. If this occurs, the 
part under test remains clamped in the 
machine until released by the operator 
pushing an unclamp button. If the part 
is accepted, a green “accept” light is 
lighted, the part is unclamped auto- 
matically and ejected out of the ma- 
chine and onto a support cradle 
mounted on the front of the panel. 
The Cen-Tec Armature Tester may be 
adapted for use in testing large arma- 
tures. This adaptation makes use of a 
portable contact head which is con- 
nected to the machine by a suitable 


cable 
aR 


P-1-6—For the calibration and testing 


of navigational gyroscopes, such as 





Send for Information 
Additional information regarding new 
products or new literature items ap- 
pearing in the What's New? department 
can be obtained by writing in the key 
number of the item in the Product Edu- 
ation Service coupon which appears on 








those used in missile and rocket de-- 
velopment, a stationary platform di- 
vorced from the earth’s rotation has 
been developed. In effect, this new 
rotary table places the instrument un- 
der test, while sitting on earth, in the 
same environment that would exist if 
the instrument were resting on a sta- 
tionary platform out in space. To coun- 
teract the earth’s rotation, the Pratt & 
Whitney Rotary Table is designed to 
rotate at an angle correlated to a 
selected star’s path and at a rate of 
speed based on intervals in the sideral 
day—in the opposite direction. Since it 
is necessary to establish very accu- 
rately the five degree intervals in the 
sideral day, and pass this information 
on to computing equipment that cali- 
brates the gyroscope, the Pratt and 
Whitney table is equipped with a high 
precision Electrolimit Measuring Sys- 
tem. A special rim mounted on the 24 
in. standard table face plate is equipped 
with Electrolimit lugs spaced five de- 
grees apart. As the table rotates, a 
sensing head picks up the magnetic 
center of each lug and passes an out- 
put signal to the computing equipment 
which in turn sets up the machinery 
for calibrating the gyroscope. The plus 
and minus tolerances for various degree 
points from 15 to 25,000 degrees per 
sideral hour are held to a small fraction 
of one per cent. The tilt of the table 
is manually set and does not change 
during the rotational cycle. The cabi- 
net on which the table is mounted is 
designed both to position the table at 
the most efficient working level, and 
also to house the two synchronous 
motors and the gear box that rotate the 


table at exactly the speed desired 


New Literature Available 


L-2-1—A new 20 page brochure en- 
titled “Gaging Threads for High Re- 
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and dollars saved in field returns 
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transportation and facilities 
attendance at the main luncheon 
Registration fees for the entire 
and $12.00 for Non-Members 
It is felt that our fine program 
hope you will join us for the day 





Second National Conference, Automotive Division 


The ASQC Automotive Division’s Second National Conference, co- 
ponsored by the Greater Detroit section, will be held on Mar. 14, at the 
University of Michigan, Ann Arbor, Mich. The Conference is entitled 
Higher Quality” 

Topics and speakers all point trom the various phases involved, to ways 
and means to achieve higher automotive quality with its rich rewards in 
Customer satisfaction, increased efficiency in dealer handling and service 


speakers will cover the quality picture in, (1) Basic Raw 
Material Operations, (2) Parts Fabricators, (3) Education, (4) Major Manu- 
facturing and Assembly Plants, (5 
(7) Tooling and Gaging 

In addition, a Lady’s Program is planned which should be of high interest 
to any wives who may wish to join us for the day. Advance Registrations 
Program in order to insure adequate 
A $3.00 fee will also include the Ladies’ 


will be necessary for the Ladies’ 


day are $10.00 for Members of A.S.Q.C 


will be of value and interest to all. We 
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liability” has been published by Pratt 
& Whitney Co., Inc. The brochure de- 
scribes the many types of Pratt & 
Whitney Tri-Roll Thread Comparators 
and the methods by which various 
threads can be measured on the Thread 
Comparator 


Kelvin Scale is a news sheet of current 
information on cryogenics and related 
subjects, which is published periodical- 
ly by Arthur D. Little, Inc. Copies may 
be obtained by writing The Editor, 


Kelvin Scale, 20 Acorn Park, Cam- 
bridge, Mass 


° *. ,. 


L-2-2—A new Gear Checker, Model 
1218A, with an integral optical system 
for easy and accurate checking of gear 
leads, is described in a new four page, 
two-color bulletin available from Mich- 
igan Tool Co. The bulletin details de- 
sign, construction and operation of this 
checking instrument that eliminates 
gage blocks, multiple settings, microm- 
eter, verniers and gear train from the 
set up procedure 


L-2-3—A new product bulletin, 181-58, 
on the Gaertner Coordinate Comparator 
is available on request from Gaertner 
Scientific Corp. The bulletin gives a 
complete description of the instrument 
and its accessories. The coordinate 
comparator is used for measuring x-ray 
plates, spectrograms, star photographs, 
charged particle tracks and similar rec 
ords on photographic plates. It is also 
used for inspecting and measuring 
tools, dies, mechanical parts and othe: 
opaque objects. Precision measurements 
can be made in either rectangular or 
polar coordinates 


section briefs 


10 meeting fea gave interesting 


talks on work sampling in a nation wid« 


ALLENTOWN-BETHLEHEM ... Th 
tured Clyde L. David of the Kanarr Corp. as speaker. Mr. 
David dise ussed the use of SQC in the job shop. In the job 
shop there are frequently only a few pieces of an item pro 
duced with each piece sometimes being very expensive The 
process capabilities and control charts are applied to an 
operation rather than to a product Mr. David reminded the 
group of some of the essentials of a good quality control 
program; to make quality not inspect it, to keep production 
well informed, to think quality, and to use training programs 
After the formal meeting was over, refreshments were served 
ind many of the members continued to talk QC long into 
the evening 

BALTIMORE... At the December meeting, Messrs, Mind 
lin and Lennon of the Bureau of Old Age and Survivors 
U. 8. Dept. of Health, Education and Welfare, 


Insurance, 
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Count BOTH and 1,001 
Other Items with 
Compactly set up on stands in tiers, 


VARY-TALLY 32282558252 
Multiple-Unit Reset Counter and 12 units wide with a minimum of 


2 units wide. Also single units. 
To know WHICH prod- Last Month or Yesterday. 
ucts, styles, sizes or flavors Traffic engineers, estima- 
are “hot’’ and WHICH are tors, laboratories, ware- 
dragging their feet houses, offices, restaurants, 
COUNT! Whether you are mail and phone order de- 
a manufacturer or mer- partments, payroll people 
chant, distributor or dealer and many others find keep- 
Vary-Tallies can tell you ing score is no chore with a 
quickly How Many of Vary-Tally. What do you 
hat, Where and When want to count? Write for 

Now as against Last Year, news sheet and prices. 


VEEDER-ROOT INC. 
Hartford 2, Conn. 


Chicugo 6, lll. « New York 19, N. Y. 
Greenville, S.C. * Montreal 2, Canado 


® Offices ond Agents in Principal Cities 
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field organization. They deseribed the development and ap 
plication of various techniques which the bureau has used 
to process work load assignments efficiently and to secure 
statistical data, 


Prior to the meeting, the fourth of seven QC basic train 
ing sessions was presented by Albert Mindlin. 
BATTLE CREEK-KALAMAZOO ... The 2nd annual man 
agement night will take place on Mar. 13 at the Sutherland 
Paper Co. in Kalamazoo, Carl Demrick, vice president in 
charge of manufacturing at the Plymouth Division of the 
Chrysler Corp., will be the guest speaker. 

Dr. W. D. 
sponsored basie Q 


jaten will give a progress report on a sectior 
} course being conducted in Galesburg 


BUZZARDS BAY... A round table discussion on the sub 
ject ‘‘U, 8. Navy acceptance inspection procedures’’ was 
the feature of the Dec. 11 meeting. Members viewed tw: 
films concerned with the recommended QC practices neces 
sary to assure the acceptance of material, the application of 
MIL-STD-105A, and the methods for evaluating the sampling 
risks of selected sampling plans. The application of process 
control eharts during the production function was illustrated 
\ lively question period concluded the session. Hans E 
Picard of the Aerovox Corp. presided. Reports were giver 
by Walter Nichols of Aerovox, recording secretary and edu 
cation enairman; and Mrs, Mary Lindenberg, awards chair 
man. Mrs. Geraldine Habicht of the U. 8. Navy Central 
Torpedo Office in Newport, treasurer, was commentator for 
the films, 


CHARLESTON ... Dr. Grant Wernimont, Eastman Kodak 
(o., will be the speaker on Mar. 19. His subject will be 
‘*Precision and accuracy in methods of analvsis.’’ The 
meeting will be held at M. H. C. at 8 pm. 


CHATTANOOGA ... At the December meeting, W. E 
Andrus, Jr., manager of the scientific computation laboratory 
of IBM, presented a very interesting talk on ‘‘ Application 
of computing machines to the solution of statistical prob 


lems.’’ 


CHICAGO... The Furniture Mart, 656 N. Lake Shore Drive, 
is the site of the Mar. 18 gre neral meeting. Miss Mae Good 
win Tarver, Continental Can Co., will be the afternoon speak 
er, Miss Tarver’s subject will be ‘‘SQC evaluation of reli 
ibility data.’ 

At 7:30 pm, Messrs. Godfrey, Blair, and Sehneider of In 

land Testing Lab., Div. of Cook Electrie Co., will speak on 
‘*Fundamental concepts of reliability,’’ touching on vendor 
surveillance and management’s role in reliability. They will 
ulso use slides and equipment to demonstrate the purposes 
outlined in their talk. 
CINCINNATI ... At the December meeting Dr. Pervam, 
Quartermaster Food & Container Institute, spoke on ‘‘The 
use of sensory testing in flavor quality control.’’ His pres 
entation and examples on panel testing methods and prefer 
ence testing methods, was interesting, informative, and hinted 
of benefits through more widespread application in other 
industrial areas. Cliff Hunt, a local tea broker, gave a most 
interesting talk at dinner on ‘‘The romance of tea.’’ 
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13TH ANNUAL CONVENTION AND NATIONAL ALL-INDUSTRY 
QUALITY CONTROL & PRODUCTION EXPOSITION 
CLEVELAND PUBLIC AUDITORIUM 


MAY 25-27, 1959 


Q fo Quality 


TECHNICAL PROGRAM 


Fifty-nine one-hour sessions, plus six panel sessions of 
one and one-half hours each, will feature more than ninety 
speakers presenting technical papers on all that’s new in 
Quality Control. The program has been designed with un- 
usually broad coverage. 

Among the items of special interest will be reliability and 
quality control in the job shop and in heavy industries. Au- 
tomotive and continuous production processes will also be 
covered, as well as management training and inspection. A 
panel on electronic data processing will be featured. 

The new staggered time schedule (please examine it care- 
fully!) provides flexibility to registrants for attending ses- 
sions of their choice, and grants additional time to visit the 
Exposition and to become familiar with the many exhibits. 


PLANT TOURS 


Choice plant visits have been arranged from the varied 
selection which diversified Cleveland industry has to offer. A 
series of choices will be available on Monday and Tuesday 
afternoons. A small registration fee is required to assist in 
defraying some of the expenses connected with this program 

Tickets for these industrial visits may be secured in the 
Registration area at the Convention only. Early registration 
is advised because the size of the tours must be limited. 
Lewis Research Lab, N.A.S.A. Ford Motor Co. Foundry 
Republic Steel Plant American Greetings Corp. 
National Carbon Research Lab Sohio Research Lab 


WELCOMING EVENING 


The Cleveland section extends a cordial invitation to all 
early Convention registrants to attend an Open House in the 
Whitehall Room of the Hotel Sheraton-Cleveland from 6-9 
pm, Sunday, May 24th. 

Refreshments will be served and registration facilities will 
be available for both advance and current registrants. Rep- 
resentatives of the Cleveland section will be on hand to greet 
all visitors. 


LADIES’ PROGRAM 


An especially active program for the ladies has been sched- 
uled by your Host Committee. A luncheon and fashion show 
is planned at Higbee’s. A tour of the Hough Catering Com- 
pany will be held and tea will be served. The ladies will also 
have the opportunity to visit The Cleveland Museum of Art 
and have luncheon on the beautiful new terrace. The famous 
Cleveland May Show will be on display at this time. 

Optional trips through the Cleveland Water Front, famous 
residential sections of Cleveland, and other points of interest 
will also be available. An intimate glimpse of Theatre-in- 
the-Round may be had at the Musicarnival, which will be 
open during this period. 

These are only a few of the fascinating attractions which 
are planned for the ladies. The Whitehall Room in Hote! 
Sheraton-Cleveland will serve as Headquarters for the ladies 
throughout the Convention. A “Hospitality Hour” will be 
held here each morning from 9-11 am. Of course, the major 
social event is the “Social Evening Get-together” on Monday. 


SOCIAL EVENING 


The Social Evening is the traditional Get-together where 
you may meet old friends and make new ones. This major 
Convention event will be held in the Ball Room of the Hotel 
Sheraton-Cleveland beginning at 9 pm on Monday evening. 
There will be dancing and socializing. Refreshments will be 
on the House. This affair is open only to Convention regis- 
trants at nominal extra cost. 


EXHIBITS 


Our Exposition is becoming one of the most popular fea- 
tures of the Convention. Many registrants come primarily to 
see the latest in tools, techniques, methods, procedures, serv- 
ices, and applications. Of special interest are the latest gag- 
ing, nondestructive testing, and data processing devices. This 
year’s National All-Industry Quality Control and Production 
Exposition has been expanded over previous years. A brand 
new staggered scheduling of technical papers has been de- 
vised to smooth out the peak attendance loads. Management, 
engineering, production, inspection, and purchasing people 
will find information to stimulate the imagination and pro- 
vide practical solutions to operating problems. Quality Con- 
trol and Reliability people will discover that to date this is 
the largest collection of exhibits devoted to their specific 


fields 


“SHIRT SLEEVE” INSPECTION CLINIC 


A sparkling innovation in assistance to the man on-the-job 
has been added to the Convention Program. This clinic, held 
adjacent to the exhibit area, provides the latest “know-how” 
and “show-how” in methods, tools, and techniques. Mechan- 
ical measurements, optical gaging, nondestructive testing, and 
other fields will be presented by outstanding authorities from 
industry, ordnance, research, and standardizing agencies 
These presentations “go to the metal” to put answers in the 
hands of those responsible for insuring that their products 
stay sold. 


BOOK BOOTH 


This Year’s Book Booth will feature the largest display of 
Quality Control, Statistical, and related technical publica- 
tions ever prepared for an ASQC Convention. 

Representatives of outstanding publishers will be present 
to discuss their publications with you. Competent and ex- 
perienced quality control experts will be at the Book Booth 
to offer advice and explanation concerning different books 
in the field of statistical quality control, business, and ex- 
perimental statistics. 

An outstanding opportunity will be afforded to augment or 
start your statistical library 


COPIES OF TRANSACTIONS 


Copies of the Transactions will be available in bound vol 
umes for $3.00 each only at the Convention and only to Con 
vention registrants. Copies may be obtained after the Con- 
vention by mail at $3.50 by writing to the American Society 
for Quality Control, Inc., Room 6197 Plankinton Building, 
161 W. Wisconsin Avenue, Milwaukee 3, Wisconsin 





Race, QC manager, U. 8. Playing Card Co., and D. ¢ The clinie session prior to dinner was conducted by R. G 
el have successfully concluded the 1958 fall education Mitchell of International Latex Corp. Mr. Mitchell presented 


program, Mr. Race taught the elementary course and Mr 1 case study on ‘‘Attribute defect prevention’’ throug! 


Flischel taught the intermediate course Student question seatter diagram analysis. 
sires indic 1 a widespread application of the principles The Mar. 5 meeting will be highlighted by the presences 
of Wallace J. Richardson, associate professor of industrial 


learned 
engineering at Lehigh University, who will speak on work 


CLEVELAND With the holiday season in min * 
veetion held lad night on Ds 5. The good turnou sampling The eclinie session will be eonducted bv Paul 
enjoyed a on by Mrs. Mavis B. Carroll of th Doehlert of the mathematics and statistical group of the 
eral Foods S pemeen tentenmeniaaie tp elk Mien, DuPont Co., who will speak on ‘‘Design of experiments 
and present a case study. 


leseribed the technique and results obtained in ev’ 


f ! em DENVER... On Dee. 11, 35 members and guests met at the 
| Oxford Hotel. George Sandenburg of Hill MeCanna Mag 


MBUS » Rie derson ! morial 


eting nesium Foundry, gave a talk with slides on the application 


COLU 
stitute was ti penker at j rh 
I deve at the Des Int His talk i 
ph enligh y d interesting EVANSVILLE-OWENSBORO ... Lhe December: 
of ASME was consisted of an extremely interesting tour of the 
The DoALL Co Brumfield Co. where many different types of relays are 
of the eutting ufaecture | The tour was conducted | Fred Wilhite QU 
manager of Potter & Brumfield and section vice president 
The Mar. 17 meeting will be held in Owensboro. The 
er will be Fred J. Berkenkamp, QC engineer fo 


Electric Co. Mr. Berkenkamp’s subject will 


tional ‘ of QU in a magnesium foundry. 


system measurements 


GREATER DETROIT... The second 


I ive Division eonferenece. co-sponsor 


produet , desig? ind é | , 
CORNING-ELMIRA he ion would ce to : take place Mar. 14 at the Universit 


t the person af ‘ “\ oO eter ’ Arbor. The conference will be dedicate: o *‘* The dustries’ 


te thanks 
nt of the C , ilass ( fo ’ sfu hallenge—higher quality 

their 1 it ec. | prox ‘ ; é ) High warranty costs ea major concern of the automobil 

manufactures of today; along with, o ourse, related cost 

ch as excess scrap and rework ¥ conference will be 

bee d at tl ost of failure as se from the viewpoint of 


hemical ginssware 


DALLAS-FORT WORTH , 15 the section engineering, p 

bined a tour of Texas Instru ‘ emiconductor-e GREATER MUSKEGON ... Ninety-two members and gue 
’ nl 7 he ’ of the section, the Grand Rapids section of ASQC, an 

Holland Zeeland Management Club met mn jolnt sessix 

Cumerford’s Restaurant in Holland on Dee, 11 

\ V. Feigenbaum of the General Electrie 


rchasing, manufacturing, and quality control 
ponents 


QC principles,’’ was a allenge 
technicians. Merrill Bailev, sect 
Maat, management club president, | 

The Mar. 12 g will be tl ‘ on’s annual shrimy; 
ind fish dinner ;: , on i oat ib. Everyone takes 

clothes are in order 


rram is completed by a well-plann« 


reshment ‘ oO ‘ tires mut wel | el diseussion on particular 

pleased group Bert Taulbee has announced thi eou ) nstruetior 

DANVILLE-SUNBURY . in elementary QC is being conducted b lenn Bailey and 
» begin some excellent ¢« ‘ hye W 
rsity campus HAMILTON ... Christopher B. Lewis of Firestone Tire & 

DELAWARE .. A very sues , _ ’ : Rubber Co. was the speaker at the Dee. 11 mee i 

December. The section was fortunate to \ vo main speal ticularly interesting film showing operations 

of Inter highlighted the meeting 

A large turnout is anticipated for the Proct 

tional Late 1 ) 0 it 0 ‘ verall manufas plant tour which is scheduled for Mar. 12 

turing team also related e of his experiences wit! HAMILTON-MIDDLETOWN ... The Dee. 10 me 

QC in other companies with which he has been associated to be an interesting as well as educational meet 
Paul Clifford, professor of mathematics at Montclair Stat« Adams talked on the topic ‘‘ Installatior 

leacher’s College, gave his views on what QC is today, and rganizations.’’ He emphasized his mate 

direction he feels it should take in the next five vear presentation. He contributed many useful 

rhe good question and answer p riod which followed the of selling management, organizing for (i 

two speakers’ presentations revealed the enthusiastic inter of a QC program. Mr. Adams is the inspectio 

eat which they aroused the Wolverine Tube Division of Calumet and 

Pe PREPPED ELELOLP CROCE OREO OREOLOEGE 


OUR EVER-GROWING FAMILY 


With the additions of St. Petersburg-Tampa (Fla.), Orlando-Cape Carnaveral (Fla.), and Akron-Canton 
(Ohio) the number of sections in the Society is now 109. The Society is proud to extend a most cordial wel- 


im Ps t 


re for the evening. Charles 
national { Cory ) on ww @ has helped Interna 


7 


come to these new sections 


107—St. Petersburg-Tampa (Dist. 15) 108—Orlando-Cape Carnaveral 109—Akron-Canton (Dist. 8) 
Chairman: Rocco P. Caruso (Dist. 15) , ’ ‘ Chairman: Donald L. Dewing 
. : Chairman: John L. Kidwell ae . 9 On . . 
Electronic Communications, In¢ The M C The General Tire & Rubber Co 
St. Petersburg, Fla The | arcs ” Akron, Ohio 
Orlando, Fla V Ch Rol : 
irm ies Clmismen: William 3. Beane: r swage ~ vert W ; Dorr 
a a tric ‘ o DGttien. Beane Plastics en — ler Bearing Co 
St etersburg, Fla Orlando, Fla anton, Ohio 
Secretary: Gilbert R. Stor« Secretary: Philip B. Crosby Secretary: Clarence A. Ritchie 
Electronic Communication ! The Martin Co B. F. Goodrich Co 
St. Petersburg, Fla Orlando. Fla Akron, Ohio 
Treasurer: William R. Royall, J: Treasurer: O. F. Sella Treasurer: Lawrence A. Bedford 
General Electric Co Radiation, Inc Goodyear Tire & Rubber Co 


St. Petersburg, Fla Orlando, Fla Akron, Ohio 


Vice Chairmay Calvin C. Newton 
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raved t ) 
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with n 


annual ladies’ night 
Bonnie Small as the star performe 
expected to attend the dinner mec 
Brunswick Hotel in Laneaster. The 
under the capable chairmanship 
and door prizes for the 
your wife to 


ASQC friends so let’ \ a big turnout 


HARTFORD... ‘ of two reeent dev ypments, the 

place and speake oO y March me« 

Robert Lusser, speaker, has left 

Arsenal to take osition in Germany. The second item 
the Club Alden by fire. The replace 


meetin pli o be announced 


ch nember 


Tnderwood ¢ or] 


rards to 1 


HUNTSVILLE 
ented a talk on 
INDIANAPOLIS 
Q ialit ( ntre 
bos ‘ 


vel +} 


ttending 


was the 


j y 1 ¢ 


KANKAKEE-JOLIET ... Winsto 


& Co. spoke De ‘ 


LOUISVILLE 


MEMPHIS 
| er 


METROPOLITAN 


FEBRUARY. 1959 


The Prineeton Conference i cember was well attended 


rhe luncheon speaker was rtude Cox, director of the 
Institute of Statisties o or irolina, who spoke on the 
Grow f applied sts i ’ W. J. Youden of ; 
indards spoke ¢ the social on * 
general 
MID-HUDSON ... Forty-three members and guests sttended 
the Dee. 4 dinner meeting which was held at the Ho. el King 
The guest speaker was Sid Fielden of IBM whose topic 
‘Statistical dimensioning.’’ Mr. Fielden explained the 
improved technique through charts which made 
the process readily understood 
rhe speaker for the Mar. 3 dinner meeting will be Dy 
Harrington, Jr. who will speak on ‘‘ Response surface expe 


mentation 

MONTREAL... On Dee. 10 Dr. P. J. Sandiford, rans 
Canada Airlines, addressed the section and visiting members 
of the Montreal Operations Research Society. Dr. Sandiford 
told of the interrelationship of OR and QC and what future 
the field of OR held for QC engineers < 


On Dee. 18 a special meeting of the executive was held 


to 


make plans for a management night meeting 

On Feb. a plant tour of the aireratt plant of Canada 
Ltd., St. Laurent, is scheduled 

Miss Mildred N lorrev, I lephone Labs, will te 
guest speaker at t Mar. meeting Her topie will bx 
‘Selection of iy for a purpose.’ 
MUNCIE Thursday night, Mar. 19, will mark another 
outstanding meeting. Mel Linder, industrial and statistica 
engineer of the Owens-Illinois Glass Co., will address the 


ed ‘* Developing probability eurve 


it 4 ‘O 


address will be presented 
L.A. Pittenger Student 


nner meeting preced 


NEW HAVEN .. eeting held at the 
Southern New v ele on o., Confer ce Room, ; 
(Church St Phe ibject to be discuss ill be ‘‘New de 

pment for } stri { atic J s Dallas 


(Continued on page 








ROLL RUNOUT 
INDICATOR 


Dev eloped by 


aumneend West Point Mfg. Co. 
MODEL CS.-102 


[hus unit is used for checking the runout or eccentricity of both top 
ind bottom spinning rolls and roving rolls in textile mills. Roll runout 
causes a loss of skein strength and an increased non-uniformity in the 
yarn The magnetic base holds the unit in position so that the dial indi 
cator will rest at approximately the center of the roll and normal to the 
surface of the roll As the frame is running, the fluctuations of the Dial 


Indicator will read the runout which i. twice the eccentricity 


CUSTOM SCIENTIFIC INSTRUMENTS, INC. 


541 Devon St. Kearny, N. J. 


Tel 
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AO Offers Low-Cost 
Stereophotomicrography 


...in just three easy steps 


AO Spencer Cycloptic Stereoscopic 

Microscope, to bring specimen into 
sharp focus. Camera is mounted directly to 
Cycloptic...out of the way...ready for in- 
stant use 


| SET the focusing adjustment on your 


—* 


SNAP shutter with cable release. You 
photograph the sharp three-dimen 


7 sional image exactly as you saw it 


Your film processor will supply stereo 
mounted photographs Now you have per 
manent, three-dimensional photomicro 
graphs, in black-and-white or color, for 
future reference 


\merican Optical 
Company 


INSTRUMENT DIVISION. BUFFALO 15. NEW TORK 


SWING the mounted 35 mm Graflex 
? Srereocamera into position over eye 

pieces. Designed exclusively for Cy 
cloptic, special compensating prisms in 
adapter unit render camera parfocal with 
microscopes’ optical system. Set camera for 
bulb exposure. No further adjustment is 
necessary 


The full-size Graflex Stereoviewer, with 
built-in light source 
to-use 3-D photo package 
your findings over and over ¢ 

anywhere. Here is i 
for three-dimensional photomicrography 
unique easy-to-use. Av ulable from 
American Optical 

Ask your AO Sales 


write 


comy letes this easy 
y ou Cal 


ain 


revic 
everything ye 
only 


Representative of 


N248 7 
Please send full information on AO 


Dept q 
™ | 
Spencer 637 Stereocamera attachment | 
| 
| 
| 
| 
| 


Also include information on AO 
Spencer Cycloptic Stereoscopic Microscopes 


Name 
Address 
City Zone State 


Seen aa ene ena an wen ae awend 
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2 
- 7th Northwest Conference for Quality Control 

On Apr. 3-4, the 7th Northwest Conference for Qual- 
ity Control will be held in Portland, Ore 

The sessions will feature: Frank Squires 
Topp Industries, Inc.; Leon A. Aroian, Hughes Aircraft 
Co.; De Alquez, Mariani Foods; and John Jaech, Gen- 
eral Electric Co. The topic of Mr. Squires’ talk will be 
“Recent in the theory of QC charts.” Mr 
Aroian present “What makes a QC chart tick.’ 
An open topic on food quality control will pre- 
sented by the expert. Mr. Jaech will 
“Fractional replicatior 


technical 


results 
will 
be 


food discuss 


The results of the recent professionalism survey con- 
ducted on the west coast will be another feature of the 
conference. Several movies are also planned as added 
attractions 

A complete training will be 
acquaint those who are interested in QC and desire 
knowledge of the tools QC. The in- 
structors for the training phase conference 
top men in their fields 

The 


who attend a 


session designed to 
used in 


of the 


basic 


are 


those 


be 


conference geared to give all 


greater insight into just how QC can 


entire is a 


applied to their individual cituations in industry 
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SPECIAL NEW SERVICE 
FOR ASQC MEMBERS 


— 20% DISCOUNT — 
ON THE 


INTERNATIONAL JOURNAL OF ABSTRACTS 
ON STATISTICAL METHODS IN INDUSTRY 


ASQC has just completed arrangements with the International Statistical Institute 
whereby ASQC members can subscribe to the Institute’s journal of abstracts at 
a special price of $4.00 per year—a 20 percent discount from the regular price 
of $5.00. (Offer restricted to U.S. members of ASQC only.) 


General Editor The abstracts are printed on one side 
Grant |. Butterbaugh of thin card board. Three abstracts 
University of Washington make up one page which can be cut 
Seattle, Wash into three parts of 3 x 5 inches each, 

so that they can at once be arranged 

in a card index system. The abstracts 
cre in English or French. Three issues 


U. S. Editor 
Charles A. Bicking are published per year each with 


Carborundum Company about 100 abstracts; the fourth issue 
Buffalo, N. Y is the annual index. 


Subscriptions to the Abstracts should be placed directly with ASQC, using 
the order coupon below. Back volumes can also be ordered on the same 
coupon. 


6197 Plankinton Bldg. 
161 W. Wisconsin Ave. 
Milwaukee 3, Wis. 


Please enter my subscription for one year of Internationol Journal of 


Abstracts on Statistical Methods in Industry at the special ASQC 


Urgent: Current member's price of $4.00 (1 


subscriptions start 
with Vol. Vi, No. 1. 
It is important we 
receive as many 
orders as possible 
before the end of 
February. 


Also send me the following back volumes 
V I Vol. Ill Vol. V 
Vol. Il | Vol. IV 


at the special member's price of $2.00 each for Vol. | and II; $3.50 
each for Vol. Ill, IV, and V. 


Name 
Please print or type 


Address 
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ST. CHARLES . On Dee. 10 a tour was made of the Shake 
proof Div., Illinois Tool Works, Elgin, Ill 

On Mar. 17 Ralph Haertel, QC engineer at the Warwick 
Co., will address the dinner meeting on the subject ‘‘ Use of 
variables measurements in reliability studies.’’ Mr. Haertel’s 
talk will be preceeded by a pre-dinner session seminar con 
dueted by Prof. H. R. Swenson, Illinois Institute of Tech 
nology, on the subject ‘‘ Process controls—attributes.’’ 


ST. LOUIS. On Dee. 3 the section toured the Alton Box 
Board Co. The tour was very informative and beneficial to 
all those who attended 

SALT LAKE CITY ... The Dec. 11 meeting held at the 
University of Utah consisted of two interesting lectures 
Prof. Claren Nelson, University of Utah, presented a dis 
sertation on ‘‘ The theory of errors He defined the types of 
error normally occuring in defining a set of universe par 
meters. He further enlarged on the use of methods designed 

reduce bias generated by error to a minimum. 

D. R. Mabey, Utah Copper Div., Kennecott Copper Cor; 
presented a leeture highlighted by the use of lantern slides 
on Kennecott’s ‘‘Progress through scientific development 
He discussed the open pit mining and low grade ore process 
ing accomplished in the Utah facility for the highly com 
petitive market. Both past accomplishments and anticipated 
method advancements were discussed. Particular references 
was made to Kennecott’s recently organized QC department 
ts development, and its anticipated use in defining and meet 
ng goals in the future 
SACRAMENTO . Here are a few highlights of 1958. In 
September, chairman Clarence Bobbs called a reorganization 
meeting New members were welcomed, committees ay 
pointed, and plans for 1958-59 formulated. Oectober—Orville 
Bramble, McClellan AFB, made an interesting and instruc 
tive presentation on ‘‘Management quality reporting sys 
em.’’ November—Seventy-two members and friends heard 
Frank H. Squires, Topp Mfg. Co., speak on ‘‘The future of 
(.’’ Deecember—Members and their wives enjoyed a fes 


1 
f 
I 


tive Christmas dinner-dance in the Cabana Room o 
Eldorado Hotel. Aerojet’s Charles Parker chairmanse 
happy gathering 

Program chairman John P. Welsh, Aerojet-General Corp., 

s announced interesting programs scheduled for the futur: 

Sacramento, the 100th ASQC section, is on the upbeat and 
organization is in high gear 
SAN ANTONIO... The section has passed a most successful 
half-way point during this season’s programming. The re 
maining scheduled programs are sure to be as effective and 
interesting The program chairmen of the Texas sections 
ire again planning a joint meeting for the purpose of ar 
ranging ‘‘ sireuit tours’’ for the 1959-60 season. The South 
Texas section Houston will be the host seetion for this 
neeting. The San Antonio section will be host section in 
t ting to be held in conjunction with our on 


1960 at a moe 


dav conferences 

SAN DIEGO The section has already passed last vear 
membership otal and is steadily growing. Attendance at the 
meetings was never better and enthusiasm is riding high 
iy way of reaffirming the social aspeets of our association 
and also to ‘‘blow off a little steam’’ we are planning a 
spring dinner dance for members and guests. We are looking 
forward to a festive evening 

SAN FRANCISCO BAY AREA. Dr. Robert Bechhoffer of 
Cornell and Stanford Universities spoke to the section at a 
linner meeting held at the International Inn on Dec s 


His talk un multiple decision procedures for ranking means 
of normal populations with a common known variance, was 
most informative and was enjoyed by 40 members and guests 
SOUTHERN CONNECTICUT ...~ The section had one of the 
most inspiring meetings to date. The fact that C. E. Fisher, 
Society President, was the guest speaker proved beyond a 
doubt that the members are very interested in seeing and 
hearing their Society officers. Mr. Fisher discussed the ‘‘ Pro 
fessional status of the QC engineer.’’ This discussion was in 
line with the major aims of the Society presently being 
carried out by the Committee on Professional Development. 

The members took good advantage of this rare opportunity 
to meet their Society President. Mr. Fisher’s progressive talk 
brought forth an extended discussion period which was proof 
positive that this subject is of vital importance to everyone 
work ng in or related to the field of QC. We feel very proud 
that this section was honored with his presene¢ 
SOUTH TEXAS... On Dee. 5 the section enjoved a 240 
mile round trip field excursion to Lufkin and Diboll, Texas 
The group visited Texas Foundries, Southland Paper Mills, 
and Tempboard Division of Southern Pine Lumber Co 
Everyone was privileged to visit two of the three plants 
STATE UNIVERSITY OF IOWA... The fall meeting was 
held Dee. 4-5. A plant tour of the large implement manu 
facturing facilities of the Deere & Co., Ottumwa Works, 
was followed by a paper presented by J. Schlier, Jr., Deere 
& Co., on the ‘‘Use of regression: correlation techniques in 
budgeting.’’ An evening paper ‘‘Has QC satisfied our re 
liability problems?’’ was presented by H. Harrison, Collins 
Radio Co. The following morning Dr. Hicks spoke on ‘* 
statistical aspects of inventory control.’’ 

Our winter meeting will be held Mar. 4-5 at Galesburg, I)! 
This will include a plant tour and presentation of thre« 
papers, 

TENNESSEE... Congratulations are due the section’s mem 
bers for achieving second place in the Society’s membership 
renewal contest. Fine work, fellows! 

Section chairman H. F. Littleton has recently submitted 
our formal approval for the organization of a section in 
Kingsport. At a second organizational meeting, the group 
which now numbers 38 elected the following officers: Hubert 
M. Hill, Chairman; Carl L. Wilson, vice chairman; Joseph T 
Johnson, secretary; and Myles E. Duellman, treasurer. As 
a direct result of their efforts in that area, 20 new members 
have been added to the roll. 

Appointments to the section examining committee for the 
vear are David S. Chambers (chairman), H. Alan Lasater, 
and H, F. Littleton. 

TOLEDO ... The section joined with other engineering 
societies in Toledo on Dee, 11 at the Toledo Edison Club for 
the annual husband-wife Christmas party. This was another 
successful effort of the Engineering Societies of Toledo on 
a combined effort to organize as a whole. The affair was well 
attended and dinner was followed by dancing 
TORONTO... The Christmas Stag was held at Little Den 
mark on Dee. 22 and proved a huge success. The evening 
was highlighted by a film dealing with the development and 
subsequent manufacture of the Avro ‘‘ Arrow.’’ 

The sixth annual forum will be held at Hart House, Uni 
versity of Toronto, on Mar. 7. As in previous years, one 
of the outstanding features will be an all-day basic training 
course in SQC to be presented by W. A. MaeCrehan, man 
ager of QC, Aviation Electronic Products, Bendix Radio 
Corp. We are also introducing a two-hour panel discussion 
moderated by A. P. Deacon of Deacon and Associates. In 


Some 
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The Story of THE CUTTING EDGE 


The third program sponsored by The DoALL Company is 
appearing before engineering and technical groups across the 


nation 


The presentation consists of a 43 ft. historical panorama 
showing one million years of progress; an illustrated talk on 
up-to-the-minute cutting tool principles; and an exhibit of 
actual tools, work pieces, and technical data showing how 
foremost manufacturers are meeting the demands for greater 
accuracy, tougher materials, and higher production 


It is under the direction of the well known scientist, educa- 
tor and author, C. G. Schelly, director of educational research 
(Mr. Schelly is shown at the right presenting his phase of the 
program to a group at a recent technical society meeting.) 
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For a travel plan and schedule of bookings, write the 
DoALL Company, Des Plaines, Ill. 
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addition. thirteen other sessions are scheduled embracing 
many aspects of QC within industry. 

TUCSON ... Dr. Joseph E. King, internationally known 
industrial psychologist, spoke at the December meeting on 
methods of personnel selection for QC. He pointed out the 
importance of aptitude-intelligence scores and certain other 
personality and background traits in selecting inspectors, 
office-technical and engineering help. Scientific personnel 
selection methods, according to Dr. King, are becoming in- 
creasingly important, taking into account such factors as 
investment in new-hires, turnover, capital investment, and 
fringe benefits. Normal to high scores were indicated as 
desirable on aptitude-intelligence tests, including factors 
such as comprehension, systems manipulation, perceptual 
speed, judgement, fluency of expression, memory, space re- 
lations, and motor coordination. Statistical methods were 
discussed in analyzing these factors. 

New officers for the section were installed. They were: 
chairman—Mark Manning, vice chairman—Warren Clemens, 
treasurer-—W., J. Anderson, and secretary—Ella Scofield. 
TULSA ... We have had several fine lectures recently. In 
addition, our first educational course was completed with 
certificates issued to those completing the course. Plans ars 
now being laid for the start of the second course. 

The first advance publicity notices for our all-day forum 
were released. 

Emmett Main, Air Foree QC at Douglas Ai) raft, has 
accepted the program chairman’s job for the coming year. 
The nominating committee has been appointed with K. C. 
Jung as chairman, 


UNIVERSITY OF WESTERN ONTARIO ...A very sue 
cessful management night dinner meeting was held on Dee. 
10. Approximately 100 members and guests heard C. A 
Pollock, president of Dominion Ff leetrohome Industries, Ltd 
give an opening address ‘‘QC in industry—today and to 
morrow.’’ Mr. Pollock was followed by Warren R. Pureell, 
director of QC for Raytheon Mfg. Co., who presented his 
talk ‘‘Who controls quality—and how.’’ It was generally 
acknowledged that this meeting was the highlight of the 
season program . 
WASHINGTON, D. C. . . . Section members are looking for 
ward to an active end-of-the-month. The regular February 
meeting featuring A. V. Feigenbaum of the General Electric 
Co. will be followed closely by the third annual conference 
of the Society’s Administrative Applications Division, Mar 
>-6. Georgetown University The conference, titled ‘‘ Science 
in management,’’ will cover various applications of sampling 
probability theory and operations research and will present 
leading authorities from business, government, and education 
WICHITA ... Charles W. Hesse, works manager, Comme1 
cial Aireraft Division of the Cessna Aireraft Co., was the 
speaker at the Nov. 4 dinner meeting at the Shirkmers 
Hotel. The subject of his discussion was ‘‘What price 
quality 

On Dee. 2 M. J. Bratt, QC engineering specialist of the 
General Electrie Co., was the visiting speaker at a dinner 
meeting at the Lassen Hotel. Mr. Bratt discussed statistical 
methods in ultra-sonic inspection. 
WINDSOR ... The section had an enjoyable evening during 
the children’s annual Christmas party. Santa made his en 
trance aftcr Jim MeMillan led the group in an inspirational 
and vociferous sing song. Santa carried in two bags of pres 


ents—one for the children and one for George Smith’s family 
Thanks were passed on to the individuals who created and 
organized the party Ross Gowin in turn thanked Jim Me 
Millan for his part as MC on behalf of the group. (Several 
members were observed making two trips to the buffet tabk 
for the high quality roast beef.) 

The Mar. 11 mec ing will feature a mine tour of the Can 
dian Rock Salt Co 
YOUNGSTOWN ... On Dee. 4 the section visited the W arner 
& Swasey Co. to tour the Gradall Mfg. plant. This operation 
is really divided into two plants, one being the machining 
plant while the other is the Gradall fabrication and assembly 
plant. In the machining plant all parts for the Gradall as 
well as a large variety of parts for the machine tool and 
textile machines are manufactured. In addition to the usual 
machining departments, there are heat treating, chrom 
plating, and hydraulic assembly departments, 

Following a steak dinner at the Reeves Hotel, several com 
pany representatives answered questions and further de 
scribed the operations. Chairman Bob Jones presided at 
the short business meeting. Fred Beneo of the Warner & 
Swasey Co. had a large part in making this an enjoyable 
plant tour 
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Show your professional affiliation . . . 


AND .. . for those wearers 
of company and other serv- 
ice pins, the same buttons 
for each grade of member- 
ship are available as a tie 
bor. Your professional 
affiliation is there for every- 
one to see. 
The bar is silver for 
Member grade and 10K gold for Senior and 
Fellow grade. It comes in either the hori- 
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to use these for awards to past chairmen or other members 
will find them especially suitable. The surface of the bar, 
which is shown here slightly larger than actual size, is plain 
so that your message or citation can be engraved on it. 


Handsomely styled lapel buttons 
are available for each grade of 
membership. The blue Society seal is 
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Have trouble keeping track of your Industrial 
ek (\ , \ Quality Control magazines? Make them a per- 
Ay Ww YwalthyLonten manent part of your business or home library. 
qu These famous Jesse Jones files are especially 
designed to keep your copies orderly and 
readily accessible at all times. These durable 
files in light blue and gray Kivar covers guard 
against soiling, wear, tearing and misplace- 
ment of copies. Each file box will keep a 
complete volume —12 issues—in perfect 
condition. (Back Volumes from I-XI will fit 
into five boxes.) 


Your office or den is the place to display this. An 8 x 10 membership 
certificate suitable for framing with your name creatively inscribed. 
Your professional affiliation increases your stature with company and 
business associates. Let them know you belong to ASQC. 


ORDER BLANK 


American Society for Quality Control 
161 W. Wisconsin Ave., Milwaukee 3. Wis 
Plea e end me 


. rders only id 
Enciosed please find check or M.O. for $. in fo tage outside US 


Name 


Address. . 








Phoenix—M Maggiano has recently assumed 


SIGNIFICANT DIFFERENCES engineering position with the Phemeo Corp 


Our congratulations to A. R. Pennel, section past chairman 











who has recently assumed the responsiblity for all QC a¢ 
Allentown-Bethlehem—-Dave Hilder spoke before th tivities at the Motorola Western Milita:y Dept 
professional group of reliability and QC of the Philadelphi Our congratulations also, to Dr. John Fruend, 
chapter of IRE, vice chairman, who has recently been appointed head of the 
Bonnie Small conducted training courses at the 13th Mid mathematies dept., Arizona State University 
west QC conference held recently in Kansas City, Mo. .. Pittsburgh—William I. Martin was promoted to man 
Chicago—We are sorry to report that Martin Joseph ager of the statistical design group, Koppers Co., Inc., Ver 
(American Hospital Association, is leaving the section But ona Research Center. 
we are happy to report that he has a very good position Frank G. Mediats, has joined the Westinghouse Corp 


waiting for him in unnyvale, Calif. as senior research L supervisor of O¢ 


engineer with Lockheed Aireraft Corp John Hromi, section president, was chairman of the design 
Cincinnati—John M., Seanlon has recently been ap of experiments session at the national meeting of ASA held 

pointed as manager of quality of the manufacturing section, in Chieago 
production engine dept., aireraft gas turbine division of P. Whidden, W. Goepfert, and D. MeCune attended the 
General Electric Co,, Evendale, Ohio. Princeton conference on process developments by statisti il 

Judson H, Wiersemer transferred from the Grand Rapids methods 
section. He is now employed as quality engineering special Portland—Welcome to new members ‘* 
- wate ~ a Electric Co. : ; and Ruth Jones of Omark Industries 

Harry T. Rutter, Jr., has transferred from the Cleveland In the December issue, we reported Bob Menstell as being 
section. He is now employed by G. E., flight propulsion with the American Can Co. Our error—Beb is doing ar 
. » € ‘ ant 
laboratory ley . , excellent job at Osborne Electronics and 1s not leaving 

A transfer from Detroit has brought Kai Jacobsen to our Salt . Dr. H. FEF. Flanders, who 
section. He is employed as chief brewmaster for the Geo as = ; : 


is Bection 
, > e ‘ , ‘ I i “ is recently featured with a pieture 
Wiecenenn Seyweng Ve, Newport, By ind an artic the daily DESERT NEWS AND TELE 
Cleveland—The members of the section were able to GRAM € Salt ke City 
0 a wake 


read with pleasure an article by member Bertrand L. Hansen Henry Matis, chairman of the membership committees 
in the December issue of TOOLING AND PRODUCTION. : : ; : we, 


. . recently compl i a three-week uurse at the Air bores 
mare's pape was entitled ‘‘ Reduce inventories and cut bac I 


d ; Institute of Technology at Dayton, Ohio 
rrders : > > 
. San Franciseo Bay Area—Roy A 


\ most successf dueations yrogre " Si two-ho ; ’ 
! 1C CE il ed catic al program of x wo-hour Ampex Corporation’s quality control division as manage 
sessions on the analysis of variance has been completed by 


tl instrumentation products Q¢ lepartment Mr. Wylie i 
Harry Wadsworth of Western Reserve University The te 10 ‘| , | 


a wall : t} t} : i Fellow of the Soeiety ind is currently editor of the 
SGOR WAS BD WOH FOSeVeR That Hie sectien Ses Comaes ‘What’s New??? department of INDUSTRIAL QUALITY 
to sponsor another advanced training program this spring CONTROL 


Details may be obtained from Harry Wadsworth, Statistic 
Dept., Western Reserve University 
Dallas-Fort Worth—Our thanks to Robert P. Boselh« 
Chanee Vought Aireraft for an excellent job of plannin 
ind instructing a most successful basie course in SQ 
total of 57 enrolled in the course ol of these attended 
of the eight eourses thus earning certifies and 19 
had 100 percent attendance. The section gained 
members through this course. K 
Harrisburg—J. Howard Johnson has accepte ustruetor ¢ ; ' cs of Tennessec 
with Raytheon Mfg. Corp. and has transferred | member We are sorry to lose Ja . vans who transfs 
ship to the Boston section 1 to become " manag ) ad Corp plant 
Hartford—Sid Clark has accepted the position o . Best wishes go } yu i tion memby 
QC engineer for M & © Nueelar, Ine., Attleboro, : i Tulsa ure ; to he it Mr. Brower 
had been associated with the Torrington Co r nin ‘ to Little 
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rennesses ‘ Herndon’s daughter, Ann ‘ 
n Dec 7 to ob Hoecke of K noxville Mr. Hoe 
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5-6 
14—Second National Conference, Univer 
sity of Michigan, Ann Arbor, Mich., co-spon 
sored by Automotive Division and Creater De 
troit section of ASQC 
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BOOK REVIEW 


W. D. Baten, Editor 


26 University Drive, East Lansing, Mich 


STUDY (Fourth 
Barnes, publishe d 
Sons Ine > Ne w 
Reviewed 


MOTION AND TIMI 
Edition) by Ralph M 
by John Wiley and 
York, N.Y., 665 pages, $9.25 
by James M. Apple, Industrial Manage 
ment Consultant, East Lansing, Mich 
ivan 

Probably the 
the field, Barnes 


has recently ipp ured in i new 


most widely used text in 
Motion and Time Study 
fourth 


Long a favorite for college and 


this profusely documented 


edition 
university use, 
presentation of motion and time study 


has become the “standard” reference 
source in the field 

An outstanding feature of this book 
has always been the large number of ex 
amples and illustrations. The 665 page 
book contains 356 figures and 81 tables! 


Also included is an exhaustive bibliog- 
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raphy of over 350 works of interest in 


motion and time study 


Besides covering the “basics” of mo 
tion and time study, Professor Barnes has 
included such related topics as 
Motion Study, 
Automation 
Written Standard Practice 
Mechanized Time Study and Ele« 
tronic Data Processing 
Work Sampling 
Motion and Time 
programs 
Training the Operator 


Mechanization ind 


Study training 


Two appendices present a 
study manual and a 
manual. 


sample time 


wage incentive 


It is the reviewer's opinion that this 
book is the most complete text reference 
on motion and time study 
recommended that anyone even remotely 
interested in the field should have this 
book in his library. It should be 
lievable if even the most casually inter 
ested person were not able to pick up a 
handful of useful ideas for 
his field of work 


It is sincerely 


unbe 


ipplic ition to 


MILL TEST PROCEDURES by N. I 
Enrick Mode m Textiles Magazine ind 
Rayon Publishing Company, New York 
pages 5-54, price $3.50. Reviewed by 
Oliver Beckwith of the William Carter 
Company. 

This is a manual describing test meth 
ods that can be used in process quality 
control work in textil 
Primary emphasis is on 
manufacturing woolen yarn 
and hosiery touched 
on. The operations covered include open 


manufacturing 
cotton goods 
howe ver 


manufacturing are 


ing, spinning, slashing, weaving and knit 
ting. For each of the 
a background discussion of the 


processes covered 
purpose 
of performing the tests is given. The fre 
quency of sampling at each process point 
is given; the recommendations for record 
ing and evaluating the data as well a 
the detailed description of the text tech 
nique are included 

The statistical analysis and interpreta 
tion of test data is not covered in this 
handbook 
panion manual by the 
titled, Quality Control Through Statisti 
cal Methods 

MILL TEST PROCEDURES 


be very useful to 


This is to be found ina com 


same author en 


should 
anyon initiating a 
quality control program in a textile mill 
The experienced textil 


man will find it a helpful source of ide 


quality control 
and techaiques. A point not emphasized 
by the author is that much of the basi 
work in the development of textile test 
methods including a number of those d« 

scribed in the HANDBOOK 
the work of the American Society for 
Testing Materials and the American As 
sociation of Textile Chemists and Color 
ists. The beginner in textile quality con 
trol should be advised to keep in tou 

with the work of the two societies and 
if possible, join them and contribute. Th 
author has done a service for the 
try in preparing this manual 


comes trom 


ind 1s 
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ADMISSIONS TO THE 
GRADE OF ASSOCIATE MEMBER 


ARVIDSON, DOUGLA E I apn I 
BERGERON, HENRY ( urshall, Tex 
BLACKWELL, Lester R t t 
BOEHRINGER, GEORGI 
BowLInGc, JASON W 


DLEY, DONALI JOHERTY, JOHN I 


MOWERLL, Mary K all WATERSTON 

ARLEY, LYNN K or WHITE, 

CKSTEIN, JOSEPH ence / WILLIAMS, 

LioTt, Mike I ilveda | WILLIAMS, 

LIOTT, RICHARD Morristo WILLIAM 

AIRCHILD, CHARLES ! shut WILSON, 

AWLeY, E_mer H i li ZHORZEL, OTTO 1 " 
LETCHER, Paut A rist n ZINN, JOHN F., Rexdale 
sILBEY, JEROME M 

7RAHAM, HERBERT 


a ee Se, ADVANCEMENTS TO THE 
GRADE OF SENIOR MEMBER 
Ha 


HANSO s " Becuincer, Dwich 

Hart N sailles Brown, Ricwarp | 

ALEX Burpa, Danie J 

Horact | Crecit, Clarence D 
CHarTer, AgTuur I Pou 
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OPPORTUNITIES 
... With a Growth 
Company 


QUALITY CONTROL SUPERVISOR 


EE or ME with some QC experience 
and supervisory background in electro 
mechanical equipment 


QUALITY CONTROL ANALYST 


3 to 5 years experience in sensitizing 
QC for phototest analyst position 


FIELD REPRESENTATIVE (TECHNICAL) 


3 to 5 years experience in sensitized 
products manufacture 


™Walelol eer tT" 


Kindly submit resume and salary 

requirements to: 

ADMISSIONS TO THE 
MEMBER 

Canes & FRED A. WETERRINGS 


INDUSTRIAL RELATIONS 
HALOID XEROX INC, 


2-30 Haloid St. 
Rochester 3, N. Y. 
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POSITIONS AVAILABLE 


iddress all replies to box number references 
to American Society for Quality Control 
Room 6197 Plankinton Bidg 161 W. Wis 
Milwaukee 3, Wis 


consin Ave 


STATISTICIAN—Experimental Design 
A unique industrial opportunity for a 
Chemist or Chemical Engineer with ex- 
perience in statistical design and analy- 
is of applied research experiments 
Fields of application include Chemical 
Research, Product Development, Engi- 
neering Research & Development and 
Food Product Testing. A masters de- 
gree in statistics is desirable but not 


required, Assignment is in our Siatistics 


Group located in suburban Tarrytown 
1 community 20 miles north of New 


York City. Send resumes, indicating 
salary requirements, to D. R. Cordisco, 
Research Center, General Foods Corp., 
555 S. Broadway, Tarrytown, N. Y. 


Quality Control Supervisor wanted, 
Midwestern plant manufacturing flour 
mixes; training and experience in ce- 
real chemistry or food technology re- 
quired; knowledge baking technology 
and statistical methods desirable; full 
responsibility for material, process, fin- 
ished product testing. Salary commen- 
surate with experience. State require- 
ments to Box 15V1 at the above 


address 


Leading atomic and specialty metals 
company has openings for statisticians 
with quality control experience. Work 
will be in experimental design and 
analysis with applications in the shop 
Address inquiries witn resume to Box 
15V2 at the above address 


QUALITY CONTROL ENGINEER 
Attractive opportunity for man with 
degree in Engineering (preferably 
Chemical or Milling), or Food Technol- 
ogy. Must have some experience, in- 
cluding use of statistical methods. Send 
resume to 

J. P. Morrissy, Personne] Department 
General Foods Corporation 
180 South Dearborn 
Kankakee, Illinois 
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QUALITY CONTROL ENGINEERS 


st rocket manufacturer, with plants 
interesting quality control assign 


the free world’s larg 
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CHEMICAL PROCESSING »« MANUFACTURING « 
METALLURGY + PROCEDURES « 
MEASUREMENT STANDARDS « STATISTICS 


E. P. JAMES, SUPERVISOR, ENGINEERING PLACEMENT 
AEROJET-GENERAL CORPORATION 
SACRAMENTO, CALIFORNIA 


PVAY L-COM UL corverssier 


A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 


ling 


mciu 


wraduat cngi 


Statistical quality control 
if particularly desirable 


P.O. BOX 1947-G 
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CONSULTING SERVICES 
Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising is limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualification re- 
quirements for the several grades of 
membership are set forth in the Con- 
stitution of the Society. 





a... 3. Box 258 
Greenwood, indiana 
SUTHERLAND-JACOBSON G ASSOCIATES 
Consultants in Quality Control 


Inspection Procedures, Process Controls, 
Statistics for Research and Development 


H. J. JACOBSON 
Fellow ASQc 


M. L. SUTHERLAND, Ph O 
Fellow ASQc 














Management Centials 


FOUNDED IN 1945 
References and Literature on Request 


699 Rose Ave. 
Des PLAINES, ILI 
Vanderbilt 4-6533 


Senior Partner: 
W. E. JONES 
‘ellow, ASQC 














Consulting Services in Quality Control 
Since 1945 


RALPH E. WAREHAM 
Fellow, ASQC 


Telephone 
Chappaqua 1-0715 


122 Orchard Ridge 
Chappaqua, New York 














Quality Control Consultant 


HARMON 5S. BAYER 
Fellow, ASQC 


1154 Book Building 
Detroit 26, Michigan 


Telephone 
WOodward 5-3796 














QC Planning Defect Prevention 


LEONARD A. SEDER 
FELLOW ASQC 
267 HAWTHORNE ST 
MALDEN, MASS 


DAvenport 4-5446 


Organizing for Quality Training 














BERNARD HECHT 
Quality Control & Reliability Specialist 
Senior Founding Member, ASQC 
Planning and Staffing 
Q. C. Organizations 
Training in Statistical Methods 
Quality Assurance Programs 


5410 Wilshire Bivd. Los Angeles 36, Calif 
WeEbster 8-012! 











INDUSTRIAL QUALITY CONTROL 
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Reliability and 
Quality Assurance 
Engineers 


Join Raytheon’s dynamic Government Equipment Division where ex- 
panding reliability and quality assurance functions have top manage- 
ment representation and management recognition of their importance 
in the successful production of complex military electronic equipment. 





Immediate openings at 


Wayland, Maynard, Waltham, and North Dighton, Massachusetts 
and Santa Barbara, California 











RELIABILITY SECTION HEADS Direct all phases of complete reliability efforts on 
important military electronics contracts. Minimum requirements: BSEE or BSME: 7 
years’ design and/or reliability experience, including 2 years in supervision. 


QUALITY ASSURANCE SECTION HEADS Direct all phases of complete quality 
assurance efforts on important military electronics contracts. Minimum requirements: 7 
years’ quality control experience, including 2 years in supervision. 


RELIABILITY ENGINEERS Perform reliability analysis and prediction; assume respon- 
sibility for following-up reported failures and recommending corrective action on major 
components of complex military electronic equipment. Familiarity with design, quality 
control techniques, and manufacturing processes necessary. Minimum requirements: BSEE, 
BSME, or BS in Math. and Physics; 2 years’ experience for Engineers; 7 years’ experience 
for Senior Engineer. 


QUALITY ASSURANCE ENGINEERS Determine and evaluate test and inspection 
procedures. Develop and apply statistical quality control techniques. Follow-up and recom 
mend corrective action for failures of complex military electronic equipment attributable 
to test problems, vendor problems, and/or workmanship or manufacturing methods and 
processes. Minimum requirements: BS in EE, ME, IE, or Math. and Physics; 2 years’ 
quality control experience for Engineers; 7 years’ experience for Senior Engineers 


PLEASE DIRECT YOUR INQUIRY TO: Professional Personnel Office, Government Equipment 
Division, Wayland, Massachusetts. 


RAYTHEON MANUFACTURING COMPANY 


Excellence in Electronics 
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specify super-adsorptive Davison Silica Gel 


One cubic inch of Davison Silica Gel has 
an adsorptive surface of 90,000 square 
feet—an area larger than two city blocks. 
This capacity has made Davison Silica 
Gel the favored desiccants for air and gas 
dehydration wherever rust, corrosion, mil- 
dew or other moisture problems exist. For 
instance, Davison desiccants are used to 
protect tropical shipments, to clean and 
dehydrate air and natural gas—refrigera- 


tion systems— blast furnace gases — and 
in oxygen plants. Perhaps the application 
of a Davison desiccant to your moisture 
problems is in order. Write Dept. 3412 
or call today for complete information. 


w.r.GRACE «co. 


DAVISON CHEMICAL DIVISION 


BALTIMORE 3, MARYLAND ' 





